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DISCLAIMER

This document was prepared as an account of work sponsored by an agency of the United States Govern-
ment. Neither the United States Government nor the University of California nor any of their employees,
makes any warranty, express or implied, or ssumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information. apparatus, product, or process disclosed, or represents that its
use would not infringe privately owned rights. Reference herein to any specific commercial products, process,
or service by trade, name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or the University of California.
The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States
Government thereof, and shall not be used for advertising or product endorsement purposes.

FEMA Review Notice

This report has been reviewed by Lawrence Livermore National Laboratory for the Federal
Emergency Management Agency and has been approved for publication. Approval does not
signify that the contents necessarily reflect the views and policies of the Federal Emergency
Management Agency.

Work performed under the auspices of the US. Department of Energy by Lawrence Livermore
National Laboratory under Contract W-7409-Eng-48.
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AN EVACUATION EMERGENCY
RESPONSE MODEL COUPLING

ATMOSPHERIC RELEASE ADVISORY
CAPABILITY OUTPUT

Detachable Summary

The Federal Emergency Management Agency (FEMA) has supported a contract in which the Law-
meice Livermore National Laboratory (LLNL) has acted as contractor and Science Applications, Inc. (SAl)

the subcontractor to develop a coupled set of models between those of the LLNL Atmospheric Release
Advisory Capability (ARAC) system and candidate evacuation models.

A rapid computer code easily adapted for use with color graphics was developed to convey the
dynamics of population evacuation in the vicinity of a nuclear power generating station. The model
developed required the evacuation model to integrate calculated meteorological transport and diffusion of
an atmospheric release and the resulting dose commitments as a function of time and position from the
release point. An integral part of the demonstration is the display of isopleths resulting from an airborne
radiactive release using ARAC data to show potential evacuation problems.

The ARAC system utilizes a suite of numerical models appropriate to a variety of atmospheric release
incidents. For the purpose of this study, concentration contours coupled with the SMI evacuation model
were calculated by using the MATHEW and ADPIC codes.

The evacuation emergency response model coupling ARAC output was developed for use on a VAX-
780 in conjunction with a VSVII color graphics terminal. LLNL designed the graphics package. Informa-
tion is available to users of the model as a function of time to assist in either training sessions or an actual
emergency response. At the beginning of an accident and for every 15 minutes of simulated time there-
after, the user may do the following:

" View a colored map indicating the road network and the number of individuals within a 10- and
15-mid radius of the accident at the NPP.

" Display dose Contours for 13%11X, and 137CS overlayed on the colored map.
" Display a histogram showing the number of people still within the evacuation zone, those evacu-

ated, and accumulated population doses.
" Determine directly from the color graphics displayed whether a bottleneck exists in evacuating

individuals along a particular clogged road.
" Determine directly from the color graphics and overlayed contours whether a particular evacua-

tion route(s) intersects the radiation plume endangering individuals being evacuated.
* Skip any of the preceding options or backtrack to further study a particular display.
The EVACD computer program was developed to demonstrate the feasibility of coupling an evacua-

tion model with a color graphics system to illustrate the useful information available from such a com-
bination. The objective of the program was achieved and has enabled improvement of the system. The
following are suggestions for improvement to the developed model:

1. Add more interactive capabilities to allow operators running the model to modify road network
conditions at each appropriate time step. In other words, the operator should be allowed to insert
road blocks, change road preference factors, and similar types of real-time changes.

2. Add more graphics to make the model the basic tool for training emergency procedure personnel.
Suggested output would aid in assessing the various evacuation decisions.

3. Generalize the dose assessment routines to cover more cases of a general nature.
4. Refine the road network model to include more specific data, such as road-dependent capacities.
5. Calibrate the model against data for past actual evacuations.
6. Develop a training program using EVACD as the main teaching tool.
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An Evacuation Emergency
Response Model Coupling

Atmospheric Release
Advisory Capability Output

Abstract

A Federal Emergency Management Agency (FEMA) sponsored project to develop a
coupled set of models between those of the Lawrence Livermore National Laboratory
(LLNL) Atmospheric Release Advisory Capability (ARAC) system and candidate evacua-
tion models is discussed herein. LLNL and Science Applications, Inc. (SAI) serve as con-
tractor and subcontractor, respectively.

This report describes the ARAC system and discusses the rapid computer code devel-
oped and the coupling with ARAC output. The computer code is adapted to the use of
color graphics as a means to display and convey the dynamics of an emergency evacua-
tion. The model is applied to a specific case of an emergency evacuation of individuals
surrounding the Rancho Seco Nuclear Power Plant, located approximately 25 miles south-
east of Sacramento, California. The graphics available to the model user for the Rancho
Seco test case are displayed and noted in detail. Suggestions for future, potential improve-
ments to the emergency evacuation model are presented.

Introduction

The Federal Emergency Management Agency emergency response models such as the lat-
(FEMA) has supported a contract in which the est U.S. Department of Transportation
Lawrence Livermore National Laboratory (LLNL) package UTPS (Urban Transportation Plan-
has acted as contractor and Science Applications, ning System) or other network models of
Inc. (SAI) the subcontractor to develop a coupled choice into color graphic output format
set of models between those of the LLNL Atmo- compatible with ARAC's CRT outputs.
spheric Release Advisory Capability (ARAC) sys- 3. Integrate evacuation models into the ARAC
ten and candidate evacuation models. The LLNL services package, thereby extending the ca-
ARAC staff has worked in conjunction with the pability of the ARAC system.
staff of SAI to meet the following objectives: 4. Test and evaluate the concept of integrating

1. Couple the atmospheric and dose models dose and evacuation models utilizing data
used in the ARAC system with evacuation developed for the Rancho Seco Nuclear
models developed by SAI as part of a study Power Station site in the State of California
for the California Office of Emergency by means of a working demonstration using
Services. available equipment.

2. Study the feasibility and effectiveness of
putting the output of evacuation/

The Atmospheric Release Advisory Capability (ARAC)

Introduction capability to produce rapid projections
(advisories) of the transport, diffusion, and depo-

The ARAC project was initiated by the sition of radioactive material released into the at-
Atomic Energy Commission, now the Department mosphere. The concept's feasibility was demon-
of Energy (DOE), to develop a computer-based strated in 1975, after which time the central
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facility was established at LLNL and computer and store meteorological data from worldwide
data processing equipment was installed at se- data sources. Selected observational and forecast
lected DOE sites.' data are also received on a routine scheduled ba-

The ARAC system (Fig. 1) makes available to sis. In an emergency, ARAC can request supple-
users predictive data from proven and tested nu- mental data, either from the AFGWC computer
merical models.: -6 Geographical scales for ARAC system or from the master data base at Carswell
assessments vary from regional (up to 100 kin) to Air Force Base, Fort Worth, Texas. The AFGWC
global (thousands of kin), depending on the re- gives ARAC high priority under emergency condi-
lease conditions. At present, ARAC services are tions, thereby speeding up the response. Cur-
available to four DOE sites, to the Federal Avia- rently, supplemental and backup weather data are
tion Administration (FAA), to DOE emergency re- received from the National Weather Service
sponse operations (e.g., the Nuclear Emergency (NWS) through normal teletype and facsimile
Search Team), to the Nuclear Regulatory Con- channels. In the future, consideration will be
mission's Incident Response Center, to two given to including the updated NWS Automated
nuclear power plants (Indian Point and Rancho Forecast Office Service systems in the ARAC
Seco), to two state offices for emergency services network.
(New York and California), and to three Depart-
ment of Defense (DOD) sites.

The ARAC center (Fig. 2) is the focal point for
data acquisition, data processing, communica- ARAC Models
tions, and assessments through the use of inter-
connected minicomputers. CDC 7600 computers The ARAC system utohes a suite of numeri-
at the LLNL computer center are used to calculate cal models appropriate to a variety of atmospheric
regional and global atmospheric transport and dif- release incidents. For the purpose of this study,
fusion estimates. In an atmospheric release emer- concentration contours coupled with the SAI
gency, the ARAC staff can obtain exclusive use of evacuation model were calculated by using the
a CDC 7600 computer within a matter of minutes MATHEW and ADPIC codes. These two models
after the computer center is notified, are described briefly below:

Meteorological data from the Air Force
Global Weather Center (AFGWC) at Offutt Air
Force Base, Bellevue, Nebraska, are available to MATHEWZ3

the ARAC center through a high-speed data link. This flexible, three-dimensional model pro-
The ARAC center can receive, analyze, display, vides nondivergent wind fields for use in the

Air Force
Global Weather

Central
Weather Not_ National Weather Service

DOE situs . DOD sites

DOE DOD
Emegncy Reponse ARAC Emergency Response

(JNACC, EOC, NEST) Cente (JNACC, NMCC)

FAA Assistance
to Statn

LLNL

Computer Center

Fipre 1. ARAC network-
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Figure 2. ARAC Central facility.

ADPIC model and in other studies. It adjusts in- pects of the conventional PIC. This computer
terpolated wind-field data, subject to the con- model has been used to simulate particulate and
straints of mass continuity and explicitly intro- gaseous concentrations from one or more sources
duced topography. Also, it is available for other at distances beyond 100 km, general deposition of
studies such as assessing windpower sites and to- particles with given size distributions, and
pographic influences. rainout. In addition, ADPIC calculations have

been compared against measurements for four
kICL'C4 's different field-diffusion experiments. The

This three-dimensional particle-diffusion MATHEW/ADPIC transport and diffusion models
model calculates the transport and diffusion of a are continually being modified and verified
puff or plume in a time-varying atmospheric against field tracer studies to provide ARAC users
boundary layer. It is based on the particle-in-cell with useful products in a timely manner.
(PIC) concept, without the hydrodynamical as-

ARAC Concentration Contours

The ARAC data for this project has been de- adjacent to any river or large body of water, and
veloped and calculated for radionuclide releases waste heat is dissipated to the atmosphere
from the Rancho Seco Nuclear Generating Sta- through two natural-draft cooling towers. The
tion. Rancho Seco is a 913-MWe, pressurized wa- area surrounding the plant site is almost exclu-
ter reactor, nuclear generating station operated sively agricultural. More densely populated areas
since 1975 by the Sacramento Municipal Utilities of greater Sacramento begin about 10 mi from the
District (SMUD) at a location approximately 25 mi site.
southeast of Sacramento, California (Fig. 3). The The plant is equipped with a number of fixed
site is somewhat unusual in that it is not located radiation monitoring systems; a gamma-sensitive

3
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Figure 3. Map of the region surrounding the Rancho Seco Nuclear Power Plant (-25 mi
southeast of Sacramento, California).

scintillation detector to measure radiation levels in diation levels in the regenerant holdup tanks dis-
the spent fuel cooling system; high-energy rharge; and a system of gross beta scintillation
gamma detectors to monitor gross fuel failure; a counters and single-channel gamma analyzers
gamma-sensitive scintillation detector to detect ra- that monitor a number of plant processes, the
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ventilation svstems. and the atmosphere both in- ADPlIC hr I ,kii _,rid for aiea~e time of
side and outside the plant tor gasuotis and air I I hi C, n . :,4, CIt a vd. Cs 'e,
borne particulate radioacti% it v. ail. * 1- 1*1, 1, 10 'CU,s 10* Ci/S,

The 200-ft meteorological towe! opolrattd b~ arJ ( ,r, r v\lea~e rme, %vere,
Rancho Seco is located about 3000 rt east of tnke , t-r i, - ILDI a-, . '1 t-ntati\ e ot a poten-
reactor building. Wind speed and direction art, :,t Idtrn Ir -h e y t of actual nuclear aLC1-
measured at 33 and 200 ft above ground leve'l o'n: ie reiea-y>, w-, it- more or ie-s. The
Temperature measurements are made at 6,33 and dk)SeLte 0%te, Ak' V .IlICUated contour,
200 ft above ground level. Wind speed and diret, %\ UIouri : aftc: t thit- -w of -:a- personnel
tion at the 33-ft level are measured once each WQ to w~i. Vo~.I:o~ road io works that
the other parameters are measured onec ta I% 1! Y I iel ding dose rates
minute. deenud0i 01 h11 icLi t". 1-u -Ianed

The models employed in these ARA" k~fI I qguts A1 , A 48 Appendix A give the
culations require the topograph\ o n t hke 4;~ uL it lot o~nour,, FhL tr) adult, whole-
surrounding the Rancho S3eco Nuclear Uo' r hod'. dose ;'Ic~ll- f~ are shown in Figs.
Plant (NPP) to be digitized to establsh a sito miap A I to A If, The *.-o.W r' i halation dose
Figure 4 illustrates the topographN for this region I11WnTer ft - C - are I i- .\- 17 to A-32. The
in three dimensions. The isopleth , used in thi- _L OdUlt. th\ r(uo 1rha~rtlo Jo-e raite contours for
port were computed by ruinning \IA1'l~i\ I are ii, I \,,' 'It -

4.27

C
4.2

4.24
.4 65 6 16 -6 7 68

Distance east (kin)

Figure 4. Three-dimensional topography of the region surrounding the Rancho Seco Nuclear
Power Plant (southwest view). Grid origin UTM coordinates are x -646.0 km, y = 4237.0 km, Z

=0 NASL. Mesh intervals are DELX = 0.750 km, DELY 0.750 km, DELZ = 25 m.
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EVACD Methodology

Methodology Overview sented by links and nodes. Figure 5 illustrates a
road net work consisting of eight nodes and nine

A rapid computer code easily adapted for use links, and uses the nomenclature of the EVACD
with color graphics was developed to convey the model. All links are defined by the nodes that are
dynamics of population evacuation in the vicinity at their origin and termination. The subscripts of
of a nuclear power generating station. The model the links identifier I are first ordered as origin
developed also required the evacuation model to node number, followed by the termination node.
integrate the calculated meteorological transport For example, a link extend'ing from node 5 to node
and diffusion of an atmospheric release and the 4 is identified as 1;4 .Travel on any link is allowed
resulting dose commitments as a function of time in only one direction. Therefore, roadways with
and position from the release point. The following traffic flow in both directions require two links, as
section discusses the methodology developed dur- shown by 14; and 1, in Fig. 5. The arrows in Fig. 5
ing the project. indicate the direction of travel on each link. Thus,

The model was set up using a road network most road networks can be easily represented as
consisting of links and nodes overlayed on a grid an integrated set of nodes and links.
system of 1600 cells (40 X 40), for which dose A unique feature of the link network is that
levels were calculated for each time step. Geomet- each is defined by a set of descriptors that gives
rical considerations assured the road network and all data parameters particular to each link. The
cells were coupled together correctly for all cal- descriptors include the following:
culations requiring both reference frames. 1. Origin node.

2. Termination node.
Road Network 3. Number of travel lanes.

4. Length of link.
The accommodation of vehicular traffic has 5. Free flow speed.

been the primary consideration in the planning, 6. Standard traffic capacity.
design, and operation of streets and highways by 7. Jam density.
appropriate groups and agencies. Much has been 8. All factors affecting traffic flow.
written and compiled about the requirements nec- The model in EVACD does not track individ-
essarv to successfully design and implement road ual vehicles, but rather uses relationships between
networks for use by the public. This subject is flows, road characteristics such as speed, density,
broadly referred to as "highway capacity," i.e., a and traffic backup, and other relevant traffic pa-
measure of the effectiveness of various roadways rameters. EVACD is not intended to model
to accommodate traffic. The determination of steady-state, random traffic problems. It was de-
highway capacities requires a general knowledge veloped explicitly to solve complex evacuation
of traffic behavior and a specific knowledge of problems. The model is based on the concepts
traffic volumes that can be accommodated under found in Ref. 1.
a variety of roadway configurations and operating
conditions. A rational and practical method for
determining highway capacities has always been I
essential for an economical and sound utilization
of highway transportation systems. Most work n , n 6
performed in the past has dealt with traffic flows 23 1

in a steady-state environment. To model a dy- 12 , 24 47
namic evacuation situation, knowledge gained
from the steady state is used to develop a time- 25

dependent traffic flow model. 1

EVACD Evacuation Model
5 n8General Model Overview

EVACD models road networks as a collection Figure 5. Representation of a road network
of roadways and intersections that can be repre- using the nomenclature of the EVACD model.

6



FVACD has been designed to display the dy- Thus, the number of traffic lanes for link I is
namics ot each portion of a traffic network at NL 1. The length of link I in miles is LD:. The free-
snapshots in time during an evacuation. The dy- flow operating speed on link I is FFS, given in
namics found on each link and at each node are miles per hour. The free-flow operating speed is
easily displayed, enabling identification of possi- the operating speed of vehicles on the link during
ble problem areas during an actual evacuation, extremely low traffic densities. The standard ca-
EVACD has also been designed so that modifica- pacity of link I is CS(I), given in vehicles per hour.
tions and additions can easily be made in the fu- Standard capacity is the maximum number of ve-
ture. (See Appendix B for a detailed discussion of hicles that can reasonably be expected to pass
the EVACD Lomputer program and Appendix C over a given section of roadway in 1 h. (These and
for a liting of the EVACD main routine, subrou- other parameters are discussed thoroughly in
tine,, and common files.) Ref. 2.)

To expand on the model, a few general traffic
EVACD Model Dynamics flow relationships must first be explained. The

EVACD operates as a numerical approxima- three key link parameters are
tion scheme to the total evacuation process. By F = rate of flow (vehicles/h),
combining the relationships of the road network S = average link speed (mi/h), and
parameters to a mass balance of vehicles on the D = link density per lane (vehicles/mi/lane).
network over short periods of time, an approxi- The parameters are related via the expression
mation of the evacuation can be calculated in a
step-wise manner. This is accomplished first by F = S • D
determining the dynamics on each link during a
short period of time or during a time step. The which essentially says the number of vehicles
conditions on the link at the end of each time step traveling on a link is equal to the average speed
are calculated, such as new road densities and multiplied by the link density. These parameters
flow speeds and the number of vehicles traversing are macroscopic measures of a traffic flow. Al-
and reaching the end of the links. Afterwards, a though the previous expression seems to suggest
mass or vehicular balance is Performed at .the that a given rate of flow may occur at numerous
nodes, and the number of vehicles moving combinations of speed and density, this is not the
through each node from one link to another is case. In practice, only a limited number of com-
calculated. Thus, a time step typically involves the binations will occur since there may be additional
calculation of the dynamics on all links followed relationships between F and S, F and D, and S and
by a vehicular balance at each node. If the time D which control these combinations. Figure 6
steps are chosen appropriately, the evacuation graphically illustrates the general form of these
process can be modelled over time by stepping three relationships. (References 7 and 8 give an in-
through each time step individually, depth discussion of these relationships.)

As can be seen, the model essentially in- During the link scan, the density on each link
volves two calculational procedures: a dynamical is calculated first, where t is equal to time. For
calculation for all links during a time step and a illustration, t is taken to represent time at the end
vehicular balance at all nodes at the end of a time of a time step. The link density per lane is
step. These procedures are identified as the dy-
namic link scan and the vehicular balance node L, (t)/NL,
scan. D, (t)

Dynamic Link Scan. During the link scan, the
traffic volume is calculated from the beginning where
condition on each link. The network shown in V(t) = number of vehicles moving on link 1,
Fig. 5 illustrates each link. A link can have one or and
more lanes (defined by NL,) where lmn is the LQ(t) = length of the queue of vehicles stopped

link designator as discussed for Fig. 5. To simplify at the end of link I because of a bottle-
writing the appropriate relations and equations, neck (mi).
the nomenclature will be link I instead of Imp, in LQ is the result of traffic bottlenecks due to
which I represents a number corresponding from flow restrictions at the end of a link. For example,
one to the total number of links, ni. two links may end at a node with only one exit

7



Flow VL,(t) = F~t) • T

8A where T = time step interval (h).
F1  VL,(t) is constrained to be equal to or less than the

number of vehicles initially on the link, or

Critical Critic"I Speed
density Jam VpOWd

Density The vehicles remaining on the link, VR , are de-

[B -- - Forced flow fined to be

Critical- Stable flow VRM = VIM - VL(tdensityI
Speed After the time step, the link may still have roomCritical

speed to add additional vehicles during the next scan.This excess vehicular capacity VE, is calculated by
assuming that the added vehicles will essentially

Figure 6. Relationship between speed, flow, bring the link density D,, to the jam density DJ,,
and density.7's Flow rate F, occurs under two
different flow conditions, A and B. VE, (tt

[LD, - LQ(t ] . NL

link. Thus, vehicles may be required to stop at the or

ends of the input links because of a flow restric-
tion. LQ1 is the length of such a queue of vehicles VEitI = [LD, - LQitt]• NL, [DJ - D1t,]

at the end of link I. If VQ,(t) is the number of
vehicles in the queue and VL is vehicle length in The vehicular balance node scan follows comple-
miles, then tion of the dynamic link scan.

Vehicular Balance Node Scan. The vehicular
LQ,(t) = VQ,(t) . VL node scan calculates the number of vehicles flow-

ing in and out of each node, assuring a vehicular
The average link speed is calculated in the balance over time. The process starts by summing

EVACD model by assuming a parabolic relation- up all potential vehicles that may use a node,
ship between the link flow and density, shown in
Fig. 6. The jam density per lane D11 illustrated in VN,tP = VQI(tI + VLt),
Fig. 6 can be approximated as

4CS, where n, = subscript for node n flow from link I.

FFS,
Thus, VN,,(t) is the sum of the end queue of link I

Therefore, the average link speed is defined as plus all vehicles reaching the input link queue or
the link termination during the time step.

D, (O) Next, it is necessary to calculate the fraction
SI(t) = FFS, I - , / of time that traffic flow from an input link to the

node can move through the node or intersection,

G. For cases such as signalized intersections, the
and the link rate of flow becomes value may be defined as

F,(t) = D,(t) • SI(t) . NL, G,(t) = GS,

The number of vehicles reaching the termination where GS, fraction of time for flow (fraction
node or the end of the queue during the interval is h/b).
defined as

8



For cases where there is no signalized intersection, VO/ti = YVi.(t) • P/t
the fraction of flow time for a link is assumed to "
be proportional to its potential flow to those of all

other input links to node n, where k = all input links to node n.

Glt - VN" t)/NLI This number must be less than or equal to the
N' VN,,,/NL, capacity of output link j multiplied by time step T
A and cannot exceed VE,(t), the excess vehicular ca-

pacity on the link. This can be expressed as
where k = all input links to node n.

O,(t) = min (VO,(t); T - CS,; VE,(t)]
The approach capacity of each input link, CA,, is
calculated to be where min take the minimum of all the

quantities.
CA,(t) = G,(t) •CS, Therefore, the vehicles VTI, transferred from input

Next, it is necessary to determine the number link I to output link j are
of vehicles passing through the node into each
output link. The calculational procedure is as fol- VTVt) = VlU(t) " P)j(t VO,4t)
lows. First, the number of vehicles leaving each P't)
input link is calculated assuming no node
restraints.

VI(t) = T • CA,(t) where k = all input links to node n.

and is restricted to be equal to or less than VN,,(t), The vehicular node scan is complete follow-
the number of vehicles available for leaving the ing this calculation. The process continues with
link. Thus, another dynamic link scan for the next time step

where
VI(t) = VN,,I(t), if T . CA,(t) < VNI,(t)

Vt(t= = VRt - TI + YVT,(t - P
The flow volume received by each output

link from node n is ascertained by first calculating
a preference for traffic to take the link. We assume where k = all input links to origin node of link 1.
that the preference is proportional to a previously
agreed upon preference factor multiplied by the Therefore, by time-stepping through the evacua-
average link speed, tion and performing a dynamic link scan followed

PF,. S, by a vehicular balance node scan for each time
P -'t = I step, the desired time-dependent results can be

__PFA• Sk(t) calculated.
A

Calculation of Appropriate Doses
where

The EVACD model described in this report
P1At) = preference factor from input link I to calculates three specific radiological components

output link j (fraction), for assessing the effect of airborne radioactive re-
PF = inputted preference factor for output leases from a nuclear power generating station.

link j regardless of input link, and The calculations are contained in subroutine
k = all output links to node n. DSCLC. The calculations were performed for a

specific set of data:
The vehicles received by output link j, VO, are 1. Accumulated dose commitments (mrem)
defined as to the thyroid due to 1311 inhalation.
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2. Accumulated dose commitments (mrem) 1. All populations at input or output nodes.
to the total body due to 137Cs inhalation. 2. All populations at link output queues.

3. Accumulated whole-body dose exposures 3. All populations traveling on links during
(mrem) to 133Xe. the time step.

For other applications, DSCALC could be Geometric considerations in the subroutines
modified. LNKSET and NODSET assure calculation of the

The calculated population doses to the evac- correct dose additions for each link and each
uating population were totaled for each time step node.
by adding up the following components:

Sample Case and Outputs

The evacuation emergency response model movement outward and its slow movement
coupling ARAC output was run for a test case for through the rings where the bottlenecks are.
the region surrounding the Rancho Seco NPP, lo- Figure 7 is a black-and-white illustration of
cated -25 mi southeast of Sacramento. The case the first type of display showing the initial road
was set up with three bottlenecks to restrict the network, site layout, and evacuation case param-
flow capacity of certain links. The population of eters before evacuation has proceeded. It is the
the region within a 10-mi radius of the nuclear first display available to the user of this model.
power plant is not dense enough to test the ca- The reactor building and site boundary are dis-
pabilities of this model. That is, for the given played in orange in the center of the screen; a lake
population and roads surrounding Rancho Seco, within the site is cyan. The axes show the distance
the population would be evacuated within about in mi from the reactor building. Two circles in
I h. A sample problem employing evacuation of a green are at radii of 10 and 15 mi, respectively.
population of 10,304 people on roads with limited The road network is displayed in yellow and the
traffic capacities is described in Appendices D and small circles or nodes are in orange. The road net-
E, which detail model parameters, population dis- work ends beyond the 10-mi radius, at which dis-
tribution, and output. These data have enabled us tance the population ic assumed to be evacuated.
to fully display this evacuation emergenc) . At the beginning of the problem. all road
sponse model on computer graphics terminals, thicknesses and node circles are the same size. As

The EVACD program was developed for use the evacuation proceeds, the thickness of the road
on a VAX-780 in conjunction with a VSV11 color may increase indicating a queuing, and the circles
graphics terminal made by Digital Equipment increase in size indicating a bottleneck of the
Corp. The graphics package used was population at these nodes. In the upper left-hand
GRAFCORE, 9 developed by the Lawrence Liver- portion of the screen are the warning time of
more National Laboratory. The output of the pro- 0.25 h required to evacuate, the population time of
gram consists of three types of displays. The first 0 h needed to evacuate after the warning is given,
type appears only once and shows the evacuation and the total population contained within a 10-mi
zone as a road network. The second type shows radius of the plant. The user, of course, has the
the road network with the isopleths the user option of varying the warning time and the prepa-
wishes to see. The third type is a histogram show- ration time if other numbers are more appropriate
ing population movement, to an exercise or real accident.

In the displays thick lines denoting queues In the second type of display, the user is
build up behind the nodes. During later time steps prompted for the particular nuclide whose iso-
these same queues gradually shrink. The displays pleths he wishes to see. These isopleths are dis-
show the growth and dispersion of the radioactive played over the existing road network. The user is
plume (represented by the dose isopleths). The then asked if he wants to see isopleths for a differ-
user can see which nodes and links intersect the ent nuclide. If the answer is yes, the user chooses
path of the plume and how the population can be the next nuclide to be displayed and the previous
diverted. Growth and shrinkage of nodes and plot is replaced. If the answer is no, the display
links provide information on the movement of disappears and the histogram plot is displayed.
people and on the size of the population at risk The second type of display is similar to the
from the plume. The histograms show population first but changes dynamically at each dispersion

10
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Figure 7. First type of display of the EVACD program show-
ing initial road network, site layout, and evacuation case
parameters.

update time as the evacuation proceeds. Orange Further information in the top left corner of
circles are drawn around each input node. Gold the display includes time since release, the popu-
circles are drawn around each output node to in- lation entering the road network at the time of
dicate the number of people evacuated. Links are evacuation, the population leaving the road net-
redrawn as thicker lines to indicate road density, work at that time, and the total fraction of the
and queues are drawn in orange. In addition, the population evacuated since the release.
user can request that dose isopleths be added to The third type of display occurring at each
the display. dispersion update is a population histogram

Figure 8, the second type of display (road showing the number of people presently in 10
network-isopleth), shows dose isopleths due to rings around the site. The rings are 1-mi wide, i.e.,
1311 inhalation 0.25 h following release. The pro- from 0-1 mi, 1-2 mi, 9-10 mi. A bar showing the
gram counts zero people on the road network number of people evacuated beyond 10 mi is also
since the population has not yet begun to move. displayed. Figure 9 (a and b) is an example of the
Four isopleths are displayed, corresponding to the second and third types of displays, where Fig. 9a
four contour levels read from the input file shows the desired isopleths at 0.50 h, and Fig. 9b
ACLEVS.DAT. These levels are typed in the top is the corresponding histogram. In addition to the
right corner of the screen. On the color graphics time and population information in the top left
terminal the isopleths are drawn in varying corner of the histogram, accumulated population
shades of magenta, with the darkest shade indi- doses for 1311, 33Xe, and 137Cs appear in the top
cating the highest dose. The values of the levels right corner. These values are calculated as de-
shown on the screen are also typed in shades of scribed in "Subroutine DSCALC."
magenta corresponding to the appropriate Figures 10 through 21 represent a black-and-
isopleth. white version of the color graphics output from a

11
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Figure 8. Second type of display of the EVACD program
showing 1311 inhalation dose isopleths at 0.25 h (15 min) fol-
lowing release. In this type of display the user requests spe-
cific isopleths to be shown.

sample execution of the EVACD program, show- mrem. These contours spread to the upper left-
ing in sequence (in sets of road network-isopleth hand portion of the display, intersecting person-
and corresponding histogram displays) the evac- nel evacuated along these routes. Thus, emer-
uation of the population through the road net- gency response personnel may decide to change
work every 15 min up until 3 h after the release, their evacuation plans based on these factors. The
when 85% of the population is evacuated. Iso- circles outside the 10-mi radius have expanded
pleth displays for 1311 were requested at every dis- proportionally to the population numbers evacu-
persion update, while isopleth displays for 133Xe ated to that node. Data in the upper left-hand cor-
and " 7Cs were requested at every third dispersion ner inform the user that 1042 people are still en-
update. The user of the program has the option of tering the road network, 6808 people have left the
skipping any of these sets or backtracking to help road network, and a total of 66.1% have already
in the decision making. At each display of the been evacuated outside the 10-mi radius.
road network, the user has the option of deploy- Note the large circles surrounding some of
ing the radiation isopleths for 1311, 133Xe, 137Cs, or the nodes in the left-central portion of the display.
none at all. A thickening of the road network is also visible

The first set of displays (road network- along the lower left-central and upper left-central
isopleth and corresponding histogram) in Fig. 10 portion of the graph. The large circles and the
shows the evacuation 0.75 h after the evacuation thickening relate to the corresponding histogram
has started. In the central portion of the road net- which shows the number of people still being
work-isopleth display, isopleths of 137CS inhala- evacuated as a function of distance from the plant
tion dose rates (mrem) extend from the inner con- and those already evacuated 45 min after evacua-
tour of 0.01 mrem to the outer one of 1 X 10 tion began. The bottlenecks between 8 and 10 mi

12
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Figure 9. Set of (a) road network-isopleth and (b) corresponding histogram displays at 0.50 h. The
histogram, depicting population movement, is the third type of display of the EVACD program.
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0.75 hrs a) dose isopleths isopleth display and (b) cor-
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1.001 Pop. out 6808 ' 1.OOE-02 case for the region surrounding66.1%evpod C . 1.00E-03 the Rancho Seco Nuclear Power

1 .OOE-04 Plant showing evacuation of the
1.OOE-05 population through the road net-

0.50 work at 0.75 h. Figures 11
E through 21 continue the se-Squence showing evacuation ev-

F o ery 15 min up until 3 h after the
release, when 85% of the popula-

.tion is evacuated. This sequence
is a black-and-white version of

-0.50 the color graphics output from a
sample execution of the EVACD

S-program.
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and 3 and 5 mi can be seen now on the histogram within a 10- and 15-mi radius of the acci-
and are related to the circles seen in the cor- dent at the NPP.
responding road network-isopleth display. The 0 Display dose contours for 131, 133Xe, and
number evacuated is shown in the upper left- 13 7Cs overlayed on the colored map.
hand corner of the histogram and is directly re- * Display a histogram showing the number
lated to the circle outside the 10-mi radius. Total of people still within the evacuation zone,
accumulated population doses are displayed in those evacuated, and accumulated popu-
the upper right-hand corner. lation doses.

In this particular case, the Rancho Seco test 0 Determine directly from the color graphic-
case, the sequence is continued until the program displayed whether a bottleneck exists in
terminates with 92.6% of the population evacu- evacuating individuals along a particular
ated (see the final set of displays in Fig. 21). The clogged road.
user has the option of stopping this program at a * Determine directly from the color graphics
preset particular percentage of population evacu- and overlayed contours whether a par-
ated or at any time. ticular evacuation route(s) intersects the

In summary, information is available to the radiation plume endangering individuals
user as a function of time to assist in either train- being evacuated.
ing sessions or an actual emergency response. At 0 Skip any of the preceding options or
the beginning of an accident and for every 15 min backtrack to further stud), a particular
of simulated time thereafter, the user may do the display.
following:

0 View a colored map indicating the road
network and the number of individuals

Suggested Improvements
The EVACD model was developed to dem- ator should be allowed to insert road

onstrate the feasibility of coupling an evacuation blocks, change road preference factors,
model with a color graphics system to illustrate and similar types of real-time changes.
the useful information available from such a com- 2. Add more graphics to make the model
bination. The display of isopleths resulting from the basic tool for training emergency pro-
an airborne radioactive release using ARAC data cedure personnel. Suggested output
to show potential evacuation problems was an in- would aid in assessing the various evac-
tegral part of the demonstration. Coupling of the uation decisions.
evacuation model with the airborne releases was 3. Generalize the dose assessment routines
demonstrated by calculating population doses and to cover more cases of a general nature.
dose commitments. The objective of the program 4. Refine the road network model to include
was achieved and has enabled improvement of more specific data, such as road-
the system. The following are suggestions for im- dependent capacities similar to those
provement to the developed model: found in Ref. 10.

1. Add more interactive capabilities to allow 5. Calibrate the model against data for past
operators running the model to modify actual evacuations.
road network conditions at each appro- 6. Develop a training program using
priate time step. In other words, the oper- EVACD as the main teaching tool.
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Appendix A:

ARAC Contours

Appendix A contains the full set of ARAC calculated contours for the external, adult, whole-bod%
dose isopleths for 133Xe (Figs. A-1 through A-16); the whole-body, inhalation dose for '-Cs (Figs. A-17
through A-32); and the adult, thyroid, inhalation dose rate for "1' (Figs. A-33 through A-48).
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Appendix B:
Discussion of EVACD Computer Program

Appendix B provides a description of the EVACD computer program that simulates the methodology
discussed earlier in "ARAC." The first part of Appendix B describes the main routine called EVACD,
which is followed by an alphabetical listing of each subroutine. Some of the subroutines make reference
to color graphics displays; these displays are reported in detail in the text in "Sample Case and Outputs."
Each common block of the program appears in a separate file; INCLUDE statements were used to incor-
porate these common blocks in the appropriate routines. The second part of Appendix B describes the
input files required by the program. A test case using the sample input files was run; the output is
described in the text in "EVACD Methodology."

Description of EVACD Main Routine and Subroutines

Main Routine (EVACD)
EVACD is the main driver routine for the program. It is responsible for calling each subroutine in the

correct order. In addition, much of the calculations and reading of data occurs in EVACD. Specifically,
data describing the road network of links and nodes, plus initial population placement, are read from the
file EVACDB.INP on unit 10. Information describing the specific evacuation case to be run is read from
the file EVACDB.CAS on unit 11. This file includes data which describe the evacuation zone-a 15- by
15-mi square-shaped zone divided into 1600 grid squares in a 40 X 40 arrangement. EVACDB.CAS
contains the x- and y-coordinates of the lower left-hand comer of the grid and the x- and y-dimensions of
each grid square.

EVACD is arranged in four main sections. The first section, which is executed only once, reads the
data from units 10 and 11, calculates the location of each node on the 40 X 40 grid and the length of each
link and calculates the total population to be evacuated. Then in the second section, EVACD enters a time
increment loop, which is executed a number of times as specified in the EVACDB.INP input. Within this
time loop are calls to the various subroutines that provide the dynamic color graphics display of the
evacuation. The dynamic display is not updated at every time step; it is updated only once within a time
interval called "dispersion update time," specified in EVACEDB.CAS. Currently the update occurs every
15 min.

The third and fourth sections are a link and a node loop, both of which are nested within the time
loop. The link loop performs the dynamic link scan as described in "EVACD Methodology: Dynamic Link
Scan." Variables calculated include the population, flow, and queue associated with each link at each time
step. The node loop performs the vehicular balance node scan described in "EVACD Methodology:
Vehicular Balance Node Scan." Variables calculated include the population entering and leaving each
node at each time step.

The time loop is terminated when all of the numbers of specified time steps have been executed, or
when a specified fraction of the population has been evacuated beyond a 10-mi radius from the release
point. This fraction is also input from EVACDB.CAS. The program ends following termination of the time
loop.

Subroutine DATA
At each dispersion update (15 min intervals) DATA is called. This subroutine reads the airborne

release meteorological transport and diffusion data supplied by Lawrence Livermore National Laboratory.
The data are presented in three separate input files. File 1131.LLNL on Unit 15 contains thyroid dose due
to inhalation of li. File XE133,LLNL on unit 16 contains whole-body doses due to exposure to 133Xe. File
CS137.LLNL on unit 17 contains total-body doses due to inhalation of 13 7Cs. In each case, the doses are
given in mrem at each of the 1600 grid squares. The doses change every 15 min until 4.5 h after the release.

Subroutine DISP
DISP is called at the start of the calculation and at each dispersion update. It displays the current link

and node numerical data. The size of the population density on each link is reflected by drawing the link
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as a thicker line for higher densities. Similarly, dense queues are drawn as thick lines. On the color
graphics display, links are drawn in yellow and queues are drawn in orange. The population entering each
input and output node is symbolized by four equally spaced concentric circles. The radius of the outer
circle reflects the size of the population of the node, with larger radii indicating larger populations. Input
nodes are drawn in orange and output nodes are drawn in gold.

Subroutine DSCALC

DSCALC is called at each step following the execution of the link loop. DSCALC calculates the dose
from 1311, 133Xe, and '37Cs to the population presently on each link. This is done by comparing the grid
boxes, through which a particular link passes, with the doses at the center of each box (input files
1131.LLNL, XE133.LLNL, and CS137.LLNL). At each time step the total accumulated doses from the three
nuclides are calculated. At each dispersion update these total doses are typed on the color graphics display
in the top right comer.

Subroutine ERROR

Some of the information required by the program is provided interactively by the user. If the user
makes a mistake, ERROR will type an error message and allow the user to try again.

Subroutine HISTO

HISTO provides a color graphics display of a histogram plot depicting the population in 1-mi rings
around the reactor site at each dispersion update. The rings go out to 10 mi, with an eleventh histogram
showing the number of people evacuated beyond the 10-mi zone. This plot is useful because it gives an
indication of the progress of the evacuation.

Subroutine INITIA

INITIA is called by subroutine SITE. The purpose of this subroutine is to initialize the LLNL
GRAFCORE graphics package prior to the plotting of the road network and associated evacuation in-
formation. INITIA sets up the reference 15- by 15-mi coordinate system used for the plots.

Subroutine ISOPLT

At each dispersion update, the user can choose to plot dose isopleths for the three nuclides 1311, 133Xe,
and 137Cs. The contour levels are supplied by Lawrence Livermore National Laboratory for each nuclide at
each 15-min interval and are stored in the data file ACLEVS.DAT on unit 8. These isopleths can selec-
tively appear on the screen with the node and link population data, which makes it possible to determine
the parts of the road network that are particularly dangerous as far as exposure is concerned.

Subroutine LNKSET
LNKSET is called once at the beginning of the program. It determines the length of each link, the

beginning and end nodes, the grid boxes in the 40 X 40 grid through which each link passes, and the
length of the segment of the link within each grid box. The length and location of the segments of each
link are required for the dose calculations.

Subroutine NODSET

NODSET is called once at the beginning of the program. It determines the grid location of each node.

Subroutine PLTEND

PLTEND is called to terminate each plot, both road network plots and histogram plots.

Subroutine PLTSET

PLTSET is called by subroutine ISOPLT. At each dispersion update the user can choose to superim-
pose current dose isopleths on the plot of the road network. However, only one nuclide can be displayed
at a time. PLTSET asks the user for the nuclide of interest, loads the appropriate dose data into a variable
U, dimensioned 40 X 40, loads the appropriate contour levels into a variable ACLEVS, dimensioned 4,
and returns these values to ISOPLT to be plotted. PLTSET also types information in the top right comer of
the screen, identifying the nuclide of interest and the contour levels plotted.
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Subroutine SITE

SITE is called at the start of the calculation and at each dispersion step and plots site-specific features
as a prelude to the plotting of isopleths and populations designed by links and nodes. These features
include the reactor site boundary, the reactor building, and a lake within the site boundary. SITE also
plots the road network and county lines. After SITE plots the links and nodes of the road network,
subroutine DISP draws over the links and nodes to indicate population density.

Description of EVACD Input Files

The EVACD program uses six input files (Table B-I) as described in detail below.

Table B-1. EVACD input. files.

Unit File
number name Contents

S ACLEVS.DAT Contour levels to be plotted each time step
10 EVACDB.INP Road network information
11 EVACDB.CAS Specific evacuation case information
15 1131.LLNL 40 X 40 doses due to 1311 each time step
16 XE133.LLNL 40 X 40 doses due to '33Xe each time step
17 CS137.LLNL 40 X 40 doses due to 137Cs each time step

ACLEVS.DAT

This file contains contour levels to be plotted for each nuclide. There are 18 dispersion updates
representing 15-min intervals and four contour levels for each nuclide at each update. On each line in the
file, the first four numbers are contour levels for 1311 inhalation dose, the next four are contour levels for
13 3Xe direct dose, and the last four are countour levels for 13 7Cs inhalation dose.

EVACDB.INP

This file contains information regarding the road network, plus problem-specific data. The first line is
merely a title describing the specific case. Line 2, read in free format, is as follows:

PPV, VL, T, TPRINT, POPFRC, NOPT1,

where

PPV = average number of people per vehicle,
VL - vehicle length (mi),

T = time increment (h),
TPRINT - length of time between dispersion updates (h),
POPFRC - fraction of population which, if evacuated, would terminate the problem, and

NOPTI - an option. If NOPTI is not equal to 1, the code will not execute subroutines LNKSET and
NODSET and thus will not set up the geometry necessary to calculate population doses.
If doses are desired, NOPTI should be set to 1.

Line 3, also read in free format, is

NTIMES, NNODES, NLINKS, NPOPN,
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where

NTIMES = maximum number of time intervals that the problem will run,
NNODES = number of nodes in the road network,

NLINKS = number of links in the road network, and
NPOPN = number of input nodes, i.e., nodes at which people can enter the road network.

The next "NNODES" lines, read in format 15, Al, 2F6.2, are

NODNM(N. NODID(N. XNODE(N), YNODE(N), N = 1,NNODES,

where

NODNM = the node ID number,
NODID = the node type ID, with "A" denoting an input node, "Z" denoting an output node, and

"B" denoting all other nodes,
XNODE = the x-position of the node, and
YNODE = the y-position of the node.

The next "NPOPN" lines, read in free format, are

ID, POPIN(ID), CAPNOD(ID) PIN(ID),

where

ID = the ID number of the input node and is equivalent to NODNM above,
POPIN = the initial number of people at the input node,

CAPNOD = the capacity of the input node, i.e., the number of vehicles/h that can enter the input
node, and

PIN = preference factor (fraction from 0-1) for the input node.

The last "NLINKS" lines, read in free format, are

LJD(L), LLD(L), LNUML(L), FFS(L), CAP(L), AL(L), AR(L), PFIN(L), GSIN(L). LNIN(L), LNOUT(L),
QINIT(L), VEHINI(L), L= 1, NLINKS,

where

LID = the link ID number,
LLD = the length of the link (mi),

LNUML = the number of traffic lanes for the link,
FFS = the free flow speed of the link (mi/h),
CAP = the capacity of the link (vehicles/h); this is the maximum number of vehicles that have a

reasonable expectation of passing over a given section of roadway in 1 h,
AL = the left turn adjustment factor for the link (currently not in use),
AR = the right turn adjustment factor for the link (currently not in use),

PFIN = the preference factor (fraction from 0 - 1) for the link into its output node, i.e., the
fraction of the time that traffic from the link can pass through the output node, relative
to other links with the same output node,

GSIN = the green split, or fraction of the time that traffic signals on the link are green; if a
negative number is used the program will use the green-split variable,

LNIN = the ID number of the input node for the link,
LNOUT = the ID number of the output node for the link,
QUNIT - the number of vehicles initially in a queue at the end of the link, and
VEHINI - the initial number of vehicles on the link.
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EVACDB.CAS
This file contains information regarding specific parameters for the evacuation case being run. The

first line is merely a title describing the case. Line 2, read in free format, is as follows:

TNOTIC, TDELAY, TUPD,

where

TNOTIC = the notification time, or the time that elapses following the release until people are
notified to evacuate (h),

TDELAY = the time that elapses following notification before people begin to evacuate (h). and
TUPD = the time between dispersion updates (h).

Line 3, read in free format, is

XZERO, YZERO, NRINGS, NZONES,

where

XZERO = the x-position of the release point,
YZERO = the y-position of the release point,

NRINGS = the number of "rings" around the release point, established for the purpose of watch-
ing the progress of the evacuation; in the sample input, ten 1-mi rings were used, with
an eleventh ring from 10 mi out to 15 mi for the evacuated population, and

NZONES = the number of evacuation zones under consideration.

Line 4, read in free format, is

RING(N), N = 1, NRINGS,

where

RING(N) = the outer radius of the nth ring (mi).

Following line 4, the file contains "NZONES" pairs of lines, as follows:

ZONE(J), NSEC(J)
MSECS(J,I), I = 1,NSEC(J),

where

ZONE(J) = the outer radius of the jth evacuation zone (mi),
NSEC(J) - the number of sectors included in the ith evacuation zone, and

MSECS(J,)) = the ID numbers of the sectors included in the jth evacuation zone.

Usually the area around the release point will be divided into 16 equal sectors numbered I through 16. It is
possible to set up an evacuation area in a shape other than a circle by having an outer evacuation zone
consist of different sectors from an inner zone. For example, a key shaped area can be established by
having an inner zone out to 5 mi consist of all 16 sectors and have an outer zone out to 10 mi consist of
about 3 sectors. The sample problem uses only one zone.

The last line of the file, read in free format, is

NGRIDX, NGRIDY, XCORN, YCORN, DELX, DELY,
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where

NGRIDX - the number of grid boxes in the x-direction for which dose information is given,
NGRIDY - the number of grid boxes in the y-direction for which dose information is given,
XCORN - the x-position of the lower left comer of the grid (mi from the center),
YCORN = the y-position of the lower left comer of grid (mi from the center),

DELX - the length of a grid box in the x-direction (mi), and
DELY = the length of a grid box in the y-direction (mi).

1131.LLNL, XE133.LLNL, CS137.LLNL

These three files contain the dose information for the nuclides '3l, 133Xe, and '37Cs, respectively. They
are set up on the basis of a 41 X 41 grid, with 41 X 41 values at each of 18 times. The EVACD program
uses a 40 X 40 grid, so it ignores data corresponding to the 41st row and 41st column. The order of the
data is as follows:

1=1, 1-1 + 411
1=2, 1-1 + 41

Time since release = 0.25 h

1=41, 1=1 +41

1~, 1-1i + 41"'
1=2, 11 +41 I Time since release = 0.50 h

1=41, 1-1 + 41J

1-1, 1=1 + 41'
1=2, 1-1 + 41

Time since release = 4.50 h

-41, I1 + 41

where I refers to the y-coordinate of a data point and I refers to the x-coordinate of a data point. Data are
read in 12E10.2 format.
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Appendix C:
Listing of EVACD Main Routine,
Subroutines, and Common Files

PROGRAM1 EVACOB
C MEL-TInE LIACUATION MIODEL
C FEBRUA~RY 1981
C

INCLUDE 'pSICD:PARAM.COM'
INCLUDE *DSKD:NODE.COM'
INCLUDE 'DSYD -111K. CO'V
INCLUDE 'DSKD:DOPSE. CO4'
INCLUDE 'DSKD:ROAD.COI'
include *dakd tezt .coM*
DIMEN~SION TITLE(20.ETITLE(20)
DIMENSION NODNMlNt).POPIN(NI).CAPN,D(NI,,

* VEIIND(NI ).^(I)F(] ),NODOT,Trif ),EX[T(Nl)
DIKENSION LID(N2)'.LLD(N2).FFS(N2).DJAMNN2.,

PF1N(N2) .GSININ2) ,QITIT(N2).
VEHIN41Y42).VEHICS(N2).QUOUT(N2).UELFJ(2).

S flMINP(N2).DENS(N2).SPEED(N2.FLO(N2)..EHTN(N2),
S VLEFT(N2). XVEH(N2).SN2).CAPLN((N2).CAPiN2).

AL(N2).AR(N2).APFCAP(N2)VI(N2.P(N2).P(N2),
VO(N2).pIOUT(N2).VU(N2).PJ(r42)

DIMNISION LINKIXNI1.N3).LINKcYI(Ni.N3)
REAL LLD.LENGTa .IODOUT.MI NP .MOUT
DATA A.V/A .Z '

IiVMrL: 12*N2.+$Ni+2
open ( unlt=8. rtatus.old'. file dlk:asc~ev9.dat'
OPEN(U? ITz 10.st tus=old'.f ile ds. :EVACDB .INP)
OPENtUNIT: Ii. ta tus 'old .fIIc=dsk :EV'ACPB.CAS5

OPEN(LJNIT= IS.satat us: old' .file='.sk-.% (L3. LAI

O)PEN(IINIT:17.statusa*old'.fJ le=*dsk:xcsI3.LLL*

//IAFRBOPRIATE FILES ARE BE1Ns; READ IN*)
READ( lOt I06)TITLE

1106 FORKAT(2OA4
RE.AP 10.*)PPV.VL.T.TPRINT.POPFRC.NOPTI
!IEAD( iO.*)NTIMES.NNODES. NLINKS.NPO'N
RE-AL(I.10t (NDtNN),NOD1D(N).:<NODEtN.YODE'N,q~,VNODE§%-
TYPE i500.TITLE
l'1UTEt 2. 1600)TITLE

1600 FOR'IAT'29A4)
1500 FORMAT tHE , 0X.20A4)

hRIITEt 12.1601 )PPV .VL.T.N IMES.TPRINfT.NNOIDFS.NLIKS .POPFRC .NOP>TI
1601 FOR LAT(3EI0.2. 16,EIO.2,216.EIO.2, Ib)
C TYPLE 1501.PPV.V'L.T,NTmNIE.-,TPRifT.NrJOUEB,.NLIWfKS.POPTRC.NOPTI
1501 FORM'AT//2X.*INPUJT PARAMETERS'.

* ,"5X.'PEOPLE PER VEH1ICLE ='.3X.F10.I.
S '5X.'VEIIICLE LENGTH'NI) ='.3X.1PF1O.2.

/ SX. 'TIMf INCREIIENT(HR) C'.31XIOPPIO-.
*/5X. NUMBERk OF TIME INCREMENTS =',7X,16.
* /5X. 'REPORTING TINEt(fR) =',3X.FI0.3.
* /5X. 'IUIIBEH OF NODES =.7X,I6.
* /5X.'KUMBEB OF LIIO'S =',7X,I6.
*/SX. 'CUTC'FF FRACTION w'.SX.FI0.4

/ 5X.*NOPTI t',7X.16)
1105 FOR'AT(I5.A.2F6.2)

IDO I Nz I NPOPN
RtEAD 20.*) ID.POPIIY( ID) .CAPT$OD( ID) .PIY( ID)

C TOTAL UP ALL POPULATION ENTERING 'A' NODES
TTlPOPN:FI'POPN.vPOP I f(IDE

Figure C-.EVACD main routine.
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I CONTI NUE
READ 10.) I DL.LLD L).LN'MLL.FFSL).CAPL)AL(L)AR(L).

SVEFI I I(L) .L= t. RL I IKS
C READ IN EVACUATION-SPLCIFIC DATA

READUI ,I106)ETITLE
READ(I1 ,')TNOTIC,TDELAY.TUPD
READ(I .*)xzEflo.YzERo.NitiNcs.NzoNFSq
READt,,.*)(INGN).NI.~iJNCS.

c TYPE 3001
3e01 FORFAT(IRt. SPECIFIC EVACUATION CASE IS:*)

TYPE 2999.ETITL.
2999 FORMAT(/IX.4OA4)
c TYPE 3002
3002 FORMATt//5X.*SPECIFIC PARAMETERS FOLLOW:,)
c TYPE 3003.TNOTIC.TDELAY.TUP)
3003 FORFAT(/IOX.'NOTIFICATIQN TIME(HR) =".F6.2.

/IOX.'PREPARATION TIMFIIH) = .16.2.
/IOX.ID1SPF.RSION UPDATEuhl)=*,F.2

c TYPE 3004.NZOIES
3004 FORMAT(/IX.NJrBER OF' EVACUATION ZONES m'.12)

DO 200 JaI.NZONES
READ I I.*)ZONE(J) .NSEC(J)
?S:NSEC(J)
REAbDII.*)(SECS(J.I).I-I.NS)
TYPE 3003.J,ZONE(J).'nSEC(J.0,=?.US)

3003 FORB AT(//0X.-(N NUMBF.R .12.' IS OUT TO*.F5.1.' 1ILES'.
/IOXO'INCLUDINC SECTORS:*.
/IOX.1613)

200 CONTINUJE
BEAD(11.*)NCRID<.?WRIDY.NCORN4.YCORN.DE)(.DELY
IF(NOPTi .NE. aiCOTO 05

C CALL IYODSET TO SET UP NODE LOCATION(IE[AkTIVEP
CALL. NOL)SET

C !F ERROR I)ETFCTED COTO END
JF(rFfENOR CO. I)COTO I171

C CALL LNFSiC[ TO SET UP LINIl: LENGTH AND LocATIOl DATA
CALL LTW SET

83 CONTINUE
C TOTAL VP ALL POPULATION TO BE EVACUATED

DO 201 NzI.NNODF5
IF(NODbID(N) .NE. 'A I)GOTO 201
IF(NODVAC(N) .NE. I .AND. NOPTI -EQ. I)GOTO 201
TPOPNzTPOPN+POP IN( N)

201 CONTINUE
lF(7POPM MNE. O.)GOTO 172
TYPE 2009

2000 FORPIAT(* PROCRAN TERMI NATED FOR ZERO POPULATION EVACUATION-)
COTO 171

172 CONTINUE
C CALL CAPACY
C SET UP NODE AND LINK INFO

DO 120LI.LN.
C CALCULATE JAM DENSITY

DJAI IL)w4 .*CAP(LFFS(L)
C TOTAL UiP ALL POPULATION ON LINKS

TPOPL=TPOPL+.E4IN I (I)*PPr

IfLz-OUT(L)
NLFN(NIN)=NLFN(NIN)+l
NLFO'NOUT) :NLFO(NOUT)4t
Ll=NLFN(N IN)
L2=NLFO NOUTr)

LINrrNOUT.L)LID(L
120 CONT I VE
1100 FORKAT(2X.I5.4X.AI)
toot FO~RIATi5X.'IN ='.515)
1102 FORMAVSX.-OUT a ',515)

Figure C-1. (Continued.)
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C CALL LNKPLT
C TOTAL UP POPULATION INITIALLY AT 'A' NODES AND ON ALL LINKS

TOTPOPvTPOPL+TPOPN
c TYPE 1604.TOTPOPTPOPN,ToiTPL
1604 FORMAT(//, TOTAL POPULATION FOR EVACUATION ='.FIO.0,

-' TOTAL POPULATION AT NODES ='.FIO.O.
* TOTAL POPULATION ON LINKS =',F10.O)

C CALCULATE INITIAL NUMBER OF VEHICLES hAITING TO ENTER INPUT NODE
DO 5 N= I.NNODES
VEBIN(N)=POPINN()/PPV

C 1'qRlTE(12.1103)N.EHIN(N).POPIN(N)
3 CONTINUE
I103 FORPAT(IX.'FOR IODE'.15., INITIAL VFJIICLE. = '.F6.0.

* INITIAL POPULATION = 1.F6.0)
C TOTAL TIME DELAY BEFOFE EVACUATION START IS TNOTIC+TDELAY

TOTDE=TNOTIC+TDELY
c TYPE 3006
3006 FOR"AT(' BEGIN RELEASE EVENT AT TIME 0')

TMDATA=0.
TIMF=0

C START TIME INCREMENT LOOP
nJ c'ne :0
TNL'T-TUPD
DO 10 !T=I.NTIMIES
ndoser:0
NTM; -NT
IF(TMDATA .LT. -.001 .OR. TMDATA .GT. .001)COTO 71
ndover: !
NTMI N=NT- I
TYPE -W07.TIME

3007 FOR'L-,TtIII0.5X.'TIME SINCE IIELEASE(IIR) .F6.2)
ISITRD=NT-I

75 CALL SITE(ISITR,.TIME)
IF(NT .EQ. I)COTO 72
CALL DISP(NTM.VL)
CALL ! 5OPLT(TNENT)
CALL I'!.TEND

73 TYPF 9000
9000 FORMAT(/" P0 YOU WANT TO SEE ISOPLETHS FOR ANOTHER NUCLIDE'

I ,' AT THIS TIME cI'EP?'/' ENTER "f'" FOl YES OR "N" FOR NO.')
ACCEPT 9001.IANS

9001 FOR'LAT (A I)
irtn =- strfupemase(%.deser(ians). .deser(isns))

IF(IANS.EQ.'Y*) GOTO 75
IFIANS.EO.'N') COTO 74
CALL ERROR
GOTO 73

74 CALL HISTO(RIZNPOP.time)
I next = tn ext+tupd

72 CO1TINUE
CALL PLTEND
IFINDONE.EQ.I) CO TO It
CALl. DATA
TPIDATA- -TUPD

71 CONT I NUE
TPIDATA :TMDATA+T

C CHECK TO FEE IF EVACUATION HAS STARTED
TIME-"FLOAT( NT) T

C TYPE *.TIME
IF(TIME .CE. TOTDE)NTGO:NTCO+I
TOTEX-0.

C START LINE LOOP
DO 20 L=INLINKS
IF(NT .NE. I)GOTO 21

C, SET UP INITIAL LINK OLT OUE
VEHICS(L):VEHINI (L)

QrEOUT(L.) QINIT(L)
COTO t9

C CALCULATE LENGTH OF OUT QUE
21 CONTI NUE

VEHICS(L)vVLEFT(L).+NITP(L)

Figure C-i. (Continued.)
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19 QLIELEN(L)SOUEOUT(L)*VL.LNJNL(L)
c TYPE 1203.ffT.L.VEHICS(L)

LENGTH=LLD( L)-QUELEN(L)
IF(LENGTH .CT. 0)GOTO 22
LENGTH=O.

COTO 23
22 CON4T INqE
C CALCULATE DEIISITY(PER LANE)

DENS L , VEICs (L)/LENGTH/LNVNML(L)
23 CONTINUE
C CALCULA TE FLOI. SPEED

SPEEDOL):FFS(L)w(2I.-DENS(L)/DJAN(L))
C CALCULATE LI Ni FLOU

FLO'AL) :DENSCL)*SPEED( L)*LNIJNL(L)
C CALCUL4TE VEHICLES REACHIVG END OF LINK OR OUT QtJE

VEfTN(L)zFLOw(L )*T
1F(VEHfN(L) CE. V'HICS(L))VEHTN(L'=VEHICS(L)

C VFHICLES REMtAINIVG ON LINK
%LEFT4 L)=VEIIICS(L)-%*EfTN(L)
XL(L. I)=VEHIC*'fL)
XL(L.2) =QUEOUTL)
XL(L.3'-LENGTH
)XLIL.4)zDENS(L)
XL(L.5 '=SEED(L)
)XL(L. 6) =FLO LI
XL(L.7)=VEHTN(L)
XL(L.86 :VLEFT(L)
E2TEOUT' L) OIOTL+VEIrN (L)
Q'JELENi L) :0QEO'T( L) *'VL/LNUPIL (L)
LENGT=LLD(L)-OUELEN(L)
XL(L.9)=QUEOUT1L)
XL (L. 10 ) =LENGTH
IF(LENGTH .LE. (,)LENGTH=O.
I'ENS( U :VLEFT(L)/LENGTH/'LNJNL(L)
EXVEH(L)LNGTH'(DJAM(L-DENS(L))*LULt.)
IF(EXVEJI(L) .E. 0.)EXVEI(L)=O.

C '^RITEU12IIO4lT.L.V'ERICS(L).OU-ELENL).DENS(L).SPEEDL).FLO.t(L).
C VEHTN(L).VLEFT(L),EXVEH(L)
1104 FOR'A(I X. 215.BF7. 0)
20 CONTINUE
CxKA END ('F LINK LOOP

zzin=O. !pop entering
zzollt:O. !pop leaving
zzIoft=0. !pop on links
7zqtse=O. !queue on links
do 1107() lI.nlinks
zzqu:e=-'zque~xI(I.9)

8070 zzleft~zzleft+xI(l.B)
do 6071 nz1.nnodes
zzln~zzin+xn(n.2)

6ft71 zzot: :zzout+xn(n.3)
zztot~zzlefte~zzque+zzln+zzout
call dscalc(ntm. t tupd.ndoser~ppv)

C START NO0DE LOOP
DO SO N=I.NNODES

C.CHECK FOR IN OR OUT NODE
IIODT:0
IF(KODhID(N) -WE. 'A )COTO 31
IF' NODVAC(N) .NE. I .AND. NOPTI .EQ. i)COTO 31
WODT: I

C SET UP INPUT INTO NODE
IF(YITCO .EQ. 1)VEJI(W)mVEHIN(N)

C MIAXIMUM INPUT IN VEHICLES PER TIME INTERVAL
VEHND( N)zCAPNOD4 N)
IF(VEE(N) .E. VEHND(N))WffND(N)2VEH(N)

C TYPE 1200.NT.N.CAPNOD(N).VEII(N).VEHND(N)
1200 FORMNAT(IX.2I3.3F7.O)
31 CONTINUE

X?4(N. I )VEH(N)
C TYPE 12e1.NT.N.NODID(N)
3201 FOR4AT(IX.2I35X.AI)

IF4NODID(N) .EQ. 'Z ')NODTz2

Figure C-1. (Continued.)
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C SET UP N(UMBER OF INPUT AND OUTPUT LINKS FOR NODE
NLI :NLFN(N)
NLO NLYO( N)
v (N) a0.

C LOOP OVER INPUT LINKS
IF(NLI .EQ. 0)GOTO 46
DO 32 Lzt..NLI

C LINK IS INPUT LinI L TO NODE N
L I HEz L I' K I N (N.* L)
VW(LINK)=OUEOUT(LINY)
W(N)=(N)+VWCL1K K)/LNUNL(LINK)

32 CONTINUE
C ADD POTE.NTIAL INPUT VEHICLES FROM INPUTr NODE(TYPE A)

IFCNODT .EQ. l)V(N)vW(N)+VEHND(N)
IF(I.(NI .E. 0.)W(N)lI.

C CALCULATE GREEN SPLIT
DO 33 L=1.NLI
LIIN) LINK IN (N *Ll

IF(GSIN(LINY) .CE. 0.)COTO 34
CS(LI N)) V(LINIJLIIUALtLINK)/W(NI
COTO 3.5

34 GS(LINKJ:CSINLINK)
35 CONTINI;E
C CALCULkTE ENTRY INPUT GREEl SPLIT

CAPLNYLN1:):CAN(LINK)ALLIIr)*A~q LINY)
C USE FIRST CONSTRALINT

iAPPCAPmLINK)=CAr!.N(K(LINY.)EGS(LIIK)
VI (LINKq)=APPCAP(LINI:)*T

33 CONTINUE
IFINlODT .EQ. 1)ENTCS=VEEND(N)/W(N)
COTO 4?

46 CONTINUE
IF'NODT .EQ. I)ENTGS=1.

47 CONTINUE
C CALCULATE OUTBOUND LINKC PREFERENCES

pF (N) z0.
IF(Y'ODT .EQ. 2)COTO, 41

DO f;6 L~l.WLO,
LIN::*LINCOT(N.L)
PF(N):PF(N)+PFIN(LINK)*SPE.D(LN)

36 CONTIN(UE
IFCPF(N) .LE. 0.)PF(N)=I.
DO 37 L=I.NLO
LI 1W: LI NICOT (N.L)
Pt LINK =PFIN( LINK )*SPEED( LINK )/Pr(N)

37 CONT INUE
DO n8 LI:I.NLO
LIm.I.mLINKOVrN.Li)
PT(LINKI )z0
IF(NLI .EQ. 0)GOTrO 48
DO 39 L2=I.NLI
LI NK2: LINK IN (N.*L2)
]P1(LIIIK2)al.
IPT(LIIWIi)OPT(LNqK1)*VI (LI WK2)*P(L111C1 *PI (LIUK2)

89 COWNTINUE
IF(NODTr EQ.. I)PT(LINRK1~PT(LINK1.VEHiII)*P(LINKI)ePINNP
COTO 49

48 CONTINUE
IFE1WODT .EQ. I)PT(LINI~i)'VERND(W)

49 CONfTI NUE
C CALCMlATE OUTBOUND LINKI V'OLUM1E RECEIVEDtSECOND CONSTRAINT)

VO(LINKI )zCAP(LINKI )*T
IF(PT(LINCI) .LE. VOELIWKI))VO(LINYI)vPT(LIWKI)
lF(EXVFHILImII .LE. VO(LINKI))VO(LINKI).EKCEHXLII)

MrrP(LINKI) L.E. *.)PT(LINKI)uI.
IF(WLi .EQ. *)GOVTO 42
DO 40 L2zl.NLI
LI 5)2. LIXK IN( N.L2)
NOVT(LINK2)aVI(LINIC2)*P(LIfKI)*PI(LINC2)*VO(LINKI)/I(LINKI)

Figure C-1. (Continued.)



M N(LIN I)x INPLI KI +NUTLIN2
43 CONTINUE

QUEOULINC2ot'OUT(LIN2-OuT(L)Y2)
IF(CIUEOUT(LJN2) .LL. 0.?QUEOUrFILINfK21zo.
XL(LINY2. I I )zOlT(LIWY2,
XL(L1NK2. 12)=QUEOUT(LINY2)

40 CONrI N UE
42 CONTINUE

IF(140tT .WE. 1)G)TO 44

flNP(INKt):MNN(LI'E2)-NODOUTT(l)
VEHM4NVEtBN-N4DOUr(N.

44 CONTI NVE
c TYPE: I2o2.NT.N.LYIt.FtNP(LIKEI).NO)OUT(N).VFERJ#)
1202 FOflIATlOX.313.SF7.O)
38 CONT INU E

COTO'5
41 CONTINVE

DO 43 L-I.NLI
LINQ:LIrIKIN(?4.L

c TYPE 1293.11T.N.EXIT(N)
1203 FOIIIAT( iOX.215.F7. I)

MQUT (L I N) xVI (LINWK)
0UEOUTr(LINK)=OULIOUT( JIXi-IOUT(LIWK,
X~L(LI. I I ) x OUT (L I NK)
XL(LIfTE. 12)r:QUEC,UT(LINK)

45 CONTI NUE
32 CONTINUE
C IF(NODT .EQ. 1)TYPE 1203.W~TWVEH(N)

IF(NO'T .EQ. I):NlN.2)VJI'N
IF(NODr .EQ- 2)XN(N.3:tEXIT(N)
TOlTI:X=T0TEX+EXITO)

30 CONTIUE
C***** END OF N~ODE LOOP

FRC tTOTEXTorrOP*PPV
TYPE I605.NT.FRC

1603 FORM~AT.' FOR INTERVAL' .14.* TRACTION OF EVACUATED POP vl,F6.4)
C 1WRTEt20*NTrXL.XN.TOTEX.FRC

IF(NTM .EQ. I)CALL [I)IP(NTK.VL?
If(EFLC .LT. POPFRC)COTO IQ
LTJIHE:ET
TYPE 1405.LTIME

1403 FORMAT5X,'LAST TIME INTERVAL IS NUMBER '.15)
ndone: I
COTO 75

10 CONT INU E
C'**=* END OF TIME LOOP

LTI IE:ITIMES
If CONTI HUE

CALL JEGCXX
U'RITE' 12, 16@2)LTIME

1602 FORPIAT(16)
b-RITE I2.1612)(IODID(N).N:1 .NMODES"1

1612 FORM4T~ t 8A I)
TYPE 1603,LTIME.rRC

1603 FORSAT//' LAST TIME INTERVAL z'.16,
/I" FRACTION OF POPOUT z*'.6.4)

171 COXT INUE
EN4D

Figure C-1. (Continued.)
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SUBROUTINE DATA
C SU BROV TINE TO READ APPROPRIATE DOSE DATA
C PRESEZITLY THREE FILES EXIT
C
C

INCLUDE 'DSKDiDOSE.COMN
DIMENSION A(41)

DO 20 J=1.40
REAIJ(35.900I) (DOQ-E(I .J.l).1:1 .40)
RLAD(16.9001) (DOSE(I.J .2) * I=l.40)

20 READ(17.9001) (DOSE(i.J.3).l1 1.40)
READ(15.9001) A
READ(16.9001) A
READ(17.9001) A

9001 FORKATu12E10.2)
RETURN
END

Figure C-2. Subroutine DATA.

SUBROUTINE DISP(IIT'IVL)
C SUBROUTINE TO DISPLAY LINK AND NODE CURRENT m'IERICAL DATA
C
C

INRCLUDE * SYSOLI BRARY COLORDEF'
INCLUDE *DSKD:PARAM.CON*
INCLUDE *DQKD:NODE.COM*
INCLUDE 'DqiCD:LINK.COM'
INCLUDE * DSKD:BC'AD.COIV
DIMIENSIONI XLPONE'N2.12).XNNONE(NI.3).X(2).Y(2)
DATA DENrIAX.WIDrIAX/500. * a.2/
I ROAD.YELLOW
I QUEz ORANGE
!4COuNT~v0
JFENTPI .11E. i)G(VTO 39

I CONT INUE
DO 10 LzINLINKS
DO 10 Ja1.12

to XLMONE(L.JSzXILLJ)
DO 20 RI.NNODE25
DO 20 Ja1.3

20 XNMONE(N.J)sXN(N.J)
IF(NCOUNT .EQ. I)CO'FO 100

30 CONTINUE
DENCOR WVI DPAX/DENPIAX

3006 FO~lIT(IHI,- LINKC DENSITIES ARE AS FOLLOWS:*.
/I2X. IDE.1IITY (VEi/PNI ) '
/2X.*LINK'.4X.'FESNT.OX.*PAqT*)

DO 40 Lzt.NI.INKS
1)EfffITz:XL(L. i2)w'LKiUML(L)

e IF(L .EO. 50 .OP. L .EQ. t00)PAVUSE 21
VI DTH= DENS IT*DENCOR*2 .0
IF(wIDTI -GT. W1Dt1AX)WIDT~zWIDMX
CALL JFLNSZ( WIDTHI)
FIN=LNIN(L)
KOU1"=LVOUTpL)
XE J zXVODEENIN)
X(2pzY?4QODE(NOUT)
YE I IYNE)DE(NIN)
Y421=YNODE(NOUT)

C density color$$
CALL JSCRXX( IROAD)
IfTNzJPPL2A(X.Y.2)
XTmX( I)-X(2)
YTRYU )-Y(2)
RLEN=SQRT (X)*XTYT*YT)
OLF4,uXL(L. 22)*VLLNUIL(L)
RAT I OOLENi'RLEN

Figure C-3. Subroutine DISP
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XQ=X(2,)(XTRATIO
YQ=Y(2 b.YT*RATI(.
CALL JSCRXX(IGUE)
Xt I3 m)Q
Y(I ):YO
OWID2F*L0AT(LfU1L(L) )*WIDM[AX
CALL JSLNSZ(GWI1')
IRTN:jI'rL2A(X.Y.2)

40 CONTINUE
3003 FOIrwrTI5.4X.F7.2.4X,F7.2)

c PAUSE 22
3002 FORPLAT' 3HZ.' NODE INFORMATION FOLLOUS:-,

//13X.'QUE(VEHICLES)'.4X.EXITIN(VEHICLESq)'.
/ 2X.'NO[.E .4X.THRESENT'.6X2'PAT'.
4X.'PRESENTV.6XC'PAST-)

CALL JSLNEZ(O)
Do) 50 N:1.NNODES
IF(NODIDCN) .Ea. B )GOTO 50
IF(t4OVfD .EQ. 'A *)COTO 31
IFINODID(N) .EQ. 'Z ')COTO 52

31 IF4N1.2).LE.,.e) COTO 50
XLOG-ALOGIS(Xfi(N,2) )+j
CALL JSCRXX (ORANGE)
GOTlO 53

52 IF(XNN.3).LE.0.0) GOTO 50
XLOG-ALOGI9(XN(N.3) )+1
CALL JSCRXX (GOLD)

53 DO 53 t4C=1,4
CALL GSARLI(20)
RAD=0. 12*FLOAT(NC)*XLOG/4.
CALL. GPAR2D(XNODE(N.YNODE(N).RAD,0.0.6.283)

55 CONTINUE
RAD%0. 12*XLOC
CALL GPAR2D(XNODE'N).YNODE(N).RAD.O.0.6.283)

30 CONTINUE
INCOUI4T=
COTO I

too CONTINUE

RETURN
END

Figure C-3. (Continued.)

SUBROUTIN DSCALC (NITM .T.TUPD * DOSqE1 PrV)
C SUBROUTINE To CALCULATE DOSES
C ?PIS IS SET UP FOR LLL DATA
C MARCH 1982

INCLUDE 'DSKD tPARAH. COM
INCLUDE *DSY.D:DOSE.COPV
INCLUDE 'DSKD:NODE.CO1
I NCLUDE *DSKD:L]:O..COM*
INCLUDE 'DScKDsROAD. C0M'
Include 'dvkd:t.t.cm'
DIMENSION PDOSE440.40.3).PPDOSqE(40.4@.3)

C SEr UP PAST DOSE MIATRIX TO ALL ZEROS FIRST TIME IN
IF(Y(TM WIE. IIGOTO 10

C SET FRAC TO CORRESPOND TO CORRECT TIME PERIOD
C PPV IS PEOPLE PER VEHICLE--ALL XL AND XN VARIABLES ARE IN VEHICLES

FRACsT/TUPD*PPV
DO 20 1.1.40
DO 20 JeI.40
DO 20 X21.3
PDOSQE(I ,J.IC)=O.

20 PPDOSE(I.J.1C*0.
COTO 160

Figure C-4. Subroutine DSCALC.
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10 CONTIPUE
!FINDOSER NYE. 1)GOTO 60
DO 50 laI.40
DO 50 Jzl.40
PDO$E( I.J. I):-DOSE( I,J. I)
DO 50 K=2.3
PDO ;EU .J.K)=DOFE(I.J.Kb-PPDOSE(I.JK)

30 PrD(,SE#I.J.K)=DOSFAEI.J.I)
6.0 CONI*INUE

11O 70 Nzl.bRIncs
RINPO(Nr):0.0

TO CONT INU E
C CALCULATE DOSE. COMPONENT FROM NODE I N AND OUT QUES
C NOTE DOE I .J. I AS C ]VEN AS A RATIE (PUIEPI'Ift) . NOT MREM
C CORE'F.CTIOr.I IS MADE FOP THI S

DO 30 N=I.NNODES
NR:NE)IWON(b)

XNUM2ZPPVN. ) XN (N 3
DOSE :PDEJSE(NX.NY. I)*FRAC*TI D052zPlOE(NXJ{Y .2)*FhAC
D053=FD0SEfNX.NY .3)*FRAC
TO,.- :TDOSI+DOSl*XN UM

TDCS2=TDOS2+DO2*kXUM
TDOS3TDOS34DOS3*XKUM
RiwP0P141U:=RINOP(Nhi)+XNUM

*30 CO-TrI NuE
C ADD IN DOSE COMPONENTrS FOR LINK T1RAVEL AND LINK CUE

DO 40 L:I,.NLIN4IS
NX: NGX (LNOUT ( L)).
NRI=NODZON(LNIN(L))
PYr=WCYONLNOUT(L))

D052: PDOSE (NX * MY ) *FIAC*
DOS3zPDOSE( MX, Y.3 )*FRAC

TPOSI :TyOSl+DOSI*XL(L.9)
TDOSZ2=TDOS2+DO52*XL( L.91
TDOSq3=TDOS3. DOS3'*XL( L.*9)
RJWPOP(NR)zRINPOP(IIR)+XL(L.9)*PPVPOPH
RINPO?(NI)mRIpPOP(NRI ).POP

C ADD IN TRAVEL COMPONEn
NSXG&NSLD(L)
DO 40 Jut.NSXC
DFRACDI6T(L,JW/XILN(L)*FRAC
NXaIPX(L.J)
PYv IPY(L.J)
DOSi aVDOSE(IX.JY. )*DFflAC*T
D05-2zPDOSE(NXIY ,2)*DFRAC
DOSlzPD0SE(JIX. NY.3)*DFRAC
TDOSlxTD0SID0Sl*XL(L.8)
TDO$-'2STD0S24DOfQ2*XL( L.* )
TD0S3zTDOS3.DOS3*XL( L.8)

40 CONT INUE
RETURN
END

Figure C-4. (Continued.)
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SVBROUT1 TIE ERROR
TYPE 10

10 FORIATW INCORRECT RESPONSE - TRY AGAIN)
RETURN
END

Figure C-5. Subroutine ERROR.

SUBROUTINE HISTO(RINPOP.tls.)
C THIS ROUTINE ?LOTFS HISTOGRAMS OF POPULATION IN ONE MILE
C RINGS AROUND THE SITE.

INCLUDE OSYSOLIBRARY!COLORDEF'
INCL.UDE *DSKD:TEXT. COMl'
DIMENSION RINPOP(1l),X(2).Y(21.Itle(25)

C EQUIVALENCE (X(1) ,XO) ,(X(2) .XI ).*(Ye3) .Yo),*(Y(2) .YI)

call uf (0l..l......)
call jzuada('grIC*)

C

C label GRID
C

CALL GSCP2D(.40.O.02)
CALL CPTX2D('D19TANCE (IILEQ)S9)
CALL JSTXUP(I..0..0.)
CALL GSCP2D(0.O63. .4)
CALL CPTX2D( 'POPULAI*IONS*)
call gscp2d(.86..0l)
call jocrxz(gold)
call gptx2d*evecdg')
CALL JSTXUP(0..I.,0.)
call jacrxx(white)
CALL GSCP2DC.15..95)
CALL GPTX2D('TIF. SINCE RELEASES*)
CALL GSCP2D(.15. .92)
EXCODE(I3.300.LTITLE) TI'IE

see FO0iTAT4Xq: 1.174.2.' IDIS)
CALL CPTX2D( LTITLE)
call Sscp2d(.15..09)
*ziccde(18.301 .11tte) (iflx(zzin))

301 fcorrae(POP. INl -. 16.'S
call rptx2d(ltI1Ie)
call g-tep2d(.159.6)
encode( IB,302.ltItle) (fix~(zZout))

302 fornt('POP. OUT r-.16.'S
call gptx2d(Itite)
eull gxcp2d(.I3..83)
frclOO2 I00.*frc
encodef l4.Z103.l title) frcI0O

303 forrnatWt.l,'% EVACD f')
call Sptx2d(Itfle)
call Vscp2d(.13..8)
encode(21 .304,11th) (Iflx(tpopn))

304 fornauaiTOTAL POP. =9917.1 81)
call sptx2d(lIt icl)
call gScp2d(.6. .95)
call Sptx2d('ACCUNULATED POP.$*)
call gscp2d(.6. .92)
call gptx2d(V DOSES - HREM$*)
call gscp2d(.6..89)
encode(18.401.Itltle) tdool

401 fora 1-131: lpe9.22' W)
call Wptx2d(Itlte
call gvcp2d(.6..8C)
oaccode(15.402.lftle) tdow2

402 tormu~x*-133t'.Ipe9.2* W')
call Cptx2d(ItItIe)
call Wacp2d(.6,..&W
#ncode(I8.403.liltl&) tdoouS

Figure C-6. Subroutine HISTO.
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403 fcratc-3:Ie.2 )
call gptx2d(Itite)

c
c gr Id

XIN JZ0.0
XPIAXm 16. .0
YPIJI4=i.0
YKtAXzI .OE+96

CALL JSCRXX(CFLEE3)
CALL CRID1(2.XML?4.XMAX.YNIW.YMAX)

C
C PLOT HITOGRAms OUTr TO 10 MILES

CALL JSLNSZ( I00./20.)
YO: 0.0
DO 19 1=1.10

Y1=ALOG?9(R1y4POr(j))
* X0= I

IRTN wJPPL2A(X.Y.2)
to CONT I NUE
C

* C PLOT HISTOGRAM AT 15 MILES FOR THE REST OF THE POPULATION.
C

CALL JSCHXX(COLD)
lf(r~tnpop(1).Ie.0.0) goto 20

XO:I- 5.
XI:X0
CALL JPFL2A(X.Y.2)

20 CALL JSLNSZ(O) !RESET LINE bIDT11
C

.ETrRN
END

Figure C-6. (Continued.)

SUBROUTINE IlIITIA
c SuhmrUIN TO INITIAL17E PLOTTING METHODS
C THIS VERiSION IS FOR DiSPLA PACKAGE
C
C

INCLUDE * SYSsL I RARY COLORlDEF'
IGRID a CREENf

e CALL BGNPL(0)
XOR IG: -15.
YOR IG= - i.
XSTEPz3 *75
YSTEPx3.75
Zup 3 .
yup 13
zutm *647.
X0120 a 30.
YUtm '3678.

Valze 230.
zimnutz a xut.
wxxtta xszal* +ztst
vuunutm a yutm
ym~xUtm a yelz* + yntm
call gszfdf(e)

C c1

e Initialize grafcore

call jnsgdo.Vz;ld*)

Figure C-7. Subroutine INITIA.
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C CALL TITLE('-.xPLE .6.L'AT .3. LOG*4..8)*
CALL JSCRXX' 1~ri!D)
call Vridi t0.xor~g.xup.yorlV.yup)

C call gpgr2dfO.xc.rig.xup.yorig.yp.xmnultm.xzxtm.ymuutmymxutmI
C CALL GR'APR( XORIG . STEP .YORIG .YSTI:IP!

c CALL FIAIE
IIETIJRN
END

Figure C-7. (Continued.)

SUBROUTINE ISOPLT( toext)
C SUBROUTINE TO PLOT APPROPRIATE ISOCURVES
C SIJLEIUTINE TAKES CR11D VALUES AS INPUT A"D DEVELOPS ISOCURVES
C
C

INCLUDE *DSKDeBOXFS.COM*
Include 'dwkd:vClevv.cem*

C

dimension vt(10)
data nz.nyileve / 40.40.4/

C
C READ CR11) INITIALIZATION DATA
C

50 CALL PLTSET(INUC,TWEX(T)
IF(INUC.EQ.O) CGO TO 900

call jivt2d(vt)
Coll fsxf80(1..40.,I..40..VT(l).vtt2).vt(3),vt(4))

call Xpetal(asclewu.ileve. U. aR. ny)

call fmxf84O(vt(5).vt(6).vt(7).vt'8).,vt(l).vt(2).vt(3).vt(4P)

00 continue
return
end

Figure C-8. Subroutine ISOPLT.

SUDROtITI NE LWKSET
C SUBROUTIN4E To DETERMINE LENGTH OF EACH LI1NK IN EACH GRID
C FEBRUARY 1982
C
C

INCLUDE 'DSKD:PARAN.COM*
I NCL.UDE * DSID: NODE. COM:
INCLUDE *DSXDsLJIUCCOIV
DIKENSION XI(M2).X2(M2).YI(M2),Y2("2).XP(M2),YP(M2).IPI(R2).

a 172(112)
C LOOP ON LINWKS

DO 10 L~I ,ILIWKS
C DETERMINE LINK BEGINNING AND END NODES. AND CR1ID LOCATIONS

NiINuLNIN(L)
WOUTsLNOUT(L)
NCXD*NCX(NIN)
WGXE'NCX(NOWT)
SGYBONCY(N IN)
NGYL*NCY( NOLT)
XDvXNODE(XIN)
XEa.MX ODE NOWT)
YBsYNODE(NIN)
YEvYII0DE (NOWT)

Figure C-9. Subroutine LNKSET.

58



C CALCULATE X AN4D Y LENGTHS OF LINK
DXzXB-XE
DYx YB-YE
XLE14(L)*aSQPT(DX*DX+DY*DY)

C CALcULATE DELTAS FOR CHID LOCATIONS
lIXZAGXD-JlCXE
fl~zNTGYI-NGYE

C CALCULATE SLOPE AND Y-INTERCEPT IF DX IS NOT x
IF(DX .EQ. O.)G~frO 19
SLOPE=DY/DX
BmYB-SLOPE*XB

29 CONTINUE
C SET UP DIRECTIONALITY OF SEARCH FOR POINTS

IF(PIX) 31.32.32

COTO 33
32 MDIRXz-I

I1COX= I
33 CONTI1NUE

IF(IIY) 34.35,35
34 IVDIBYMI

IICORY M0
COTO 36

MCORY21
so. CONTINfUE
C SET UP POINTS INTERCEPTED BY X GRID LINES

wP:,
Xl (NP):XB
Yt (NP)=YB
NP, 4NP)=0
IF(NX .EQ. (')GOTO 41
NCXEF T 14G XE- II I RX
DO 40 N=NGXLNGXEM.MDIRX
?IP:NP+1
XI (NP):CRIDX(N-lICORX)
YE (NP):SLOPE*XI (NP)+B
DPJI NP~zII
IF(I(NP) .EQ. XB .AND. YI(NP) .EQ. YB)NPwWP-I

40 CONTINUE
IF(XI(NP) .EQ. )!E .AND. YI(NP) -EQ. YE)GOTO 42

41 CONTINUE
PFuONP~1
XI (PP)SXE

I Plt NP) * CXE
42 CONTINUE
C TYPE *.(XI(K.KxlWP)
C TYPE *.(YIMK.KvI.NP)

IFIPIY .EQ. O)GOTO 51

C ET UP POINTS INTERCEPTED BY Y GRID LIKrES
NCYE~l:NGYE-IiDIRI'
DO So IINCYB.NGYEN.?IDIRY

Y2(MP)mGRIDY(I-PCORY)
I P2' NP) *
IF(DX .EQ. *.)COTO 32
X2ralP)z Y2(IIP)-B)/SLOPE
GOTO 50

32 X2(IIP)RXE
so CONTINUE
C TYPE *.(X2(K).K'I,KP)
C TYPE *,(Y2(K).K'l.KP)
31 CONTINUE
C BOWT OUT ALL CRID IXTF.RCEPTS(X AND Y)

PISTART* I
I )OLDGsO
DO ('0 IWuI.NP
EYICLDCvO

Figure C-9. (Continued.)
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X=XI (N)
y:Yl (W I
IF(N EQ. I)COTO 74
IF(IIY EQ. 0)GOTO 7!
IIYBv HIS-.ART
IF(NYB EQ. PIP. )GOTO 71
DO0 70 M=MY JIP. 1

XX: X2 (I)
YY='2(11)
DC*XX .LT. XLIST .AND. XX .LT. X OR.
* XX XCT. XLAST .AND. XX GCT. X MGOTO 71
MSTARTrMSTART, 1
IF(XX EQ. XB -AND. YY .EQ. YBW.OTO 70

XP(NS)=XX
YP(NS)mYY
IPYEL.NS-1 )ulP2f N)
IN(S NME. 2)CC'TO 76

IPXtL.NS-l )=NGXF.
COTO 77

76 COI*I MUE
Ir(IX:LDG .EQ. O)COTO 6
IPXfL.NS-1 )=IPI (N)
COTO 7?

C6 CONTINUE
IPX4L.'S-I )=IPX(L,NS-2)

77 CONTINUE
X.AS;T XX

710 CON7*I NUE
IYKLDC=0
iFr4 .NE. NP)GOTO 71
IM( .EQ. XLAST .AND. Y .EQ. YLAST)COTO 60
NS=NS+1
XP(NS)CX
YP(I S)ZY
IPXfL.WS-i )vNGXE

COTO 60
71 CONTINUE

IM( -EQ. MLAST .AND. Y .EQ. YLAST)GOrO 60
IF(IYICLDC .ME. 0)JXKYLDGal

74 CONTINUE
IIS:MS+1
XP(MS) :X
YMNS) =Y

C IF(N .NE. M)OTO 72
C IPXILNS)zMGXB
C IPY(L.NS)xNCYB
C COTO' 73
72 CONTI NUE

IF(S .EQ. I .AND. N .NE. IYPCOTO 73
IPXfL.NS-I )1P1 (N)
MR(IS HME. 2)COTO 78
IF(IYKLDG NME. O)COTO 95
IPYIL.14S-EIUNGYB
COTO 73

To CONTINUE
IF(IYICLDC .EQ. O)COTO 79

95 IPYiL.NS-1.mIP2UIYKLDC)
C lXKLDCmi

COTO 85
79 CONTINUE

IM(NSTART WME. Pet)COTO 94
IPY4L.RS-I )NCYE
COTO 96

94 CONT INUE
IPYiL.IIS-I )IPY(L.NS-2)

96 CONTINUE
IXrLDCzO

63 CONT INUE

Figure C-9. (Continued.)
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73 CONI NIUE
XL&q.Tr=c
YLA-T: Y

60 CONT I NUE
IFUIX .EQ. 0 .AND. MY .EQ. *)IPX(L.)!NGXB

C DETERMIINE NUMBER OF SEGMENTS PER LI?W.(NSLD .LE1NCT9 OF LCH
C SECENTDIST). AND GRID CELL LOCATION(NGLOCX AND NCLOCY)
C TYPE *,(XP(K).Kz1d45)
C TYPE *,(YP(K).KzI.WS)

NCt O
DO 80 NzI.14S
IF(N .EQ. t)GOTO 61
NCZN~C~j
)(A: XP 4N)
YA=YPdN)
XDIFzXA-XZ
YDI r:YA-YZ
DlIST(L.NC:SRT(XDIF*XD1FYDIF*YDIF)
IF(PJST(L.NC) NE. 0.)CTO 82
NCZNc-t

82 CON'TII NJE
of CON I NUE

XZ=XP(N1)
YZ=YPtN)

8o CONTINUE
NSLD(L)=NC
LTOTcNC
%RZTE( 13,2000)L,NSLD(L)
DO 90 N=l.LTOT

90 h'ITEi13.200i)IPXCL.N).IPY(L.N).PIST(L.N)
200t FORM.AT(2I8.zPEt0.3)
20 FORRAT(I6.16,/I016.'5E10.4)
t0 CONT INUE

CLOSE(UNIT= 13)
RETUIRN
END

Figure C-9. (Continued.)

SVMlOU'rI E NODSET
C SUDOVTIPE TO DETERMINE WHME NODES ARE LOCATED RELATIVE TO CRID
C FEBRUARY 1982
C
C

INCLUDE 'DHJCD:PARAM.COM'
I NCLJIE *DSKQD: RODE. COM'
OPEF4(VNlTvl3. railez dsk:EVACDB.INLD' utatna' new')

C SET UP GR ID SPAC ING
DO 40 14=I.NGRIDX

40 CRIDXtII)zDELX*FLfOAT(N)4.XCORW
DO 50 14s1.NCRIDY

30 CR1 DY(N zDF.LY*FLOAT(N )*YCORI
C LOOP ON NODES

DO 10 N~f.WWODESq
C CALCULATE X AND Y DISTANCE FROM ZERO REFERENCE FOR EVACUJATIO01

DXaXNODE( N) -XZEBO,
DY*YXODE(If)-YZERO
RADzSQRT 4DX*DX+DY*DY)

C DETERMINE hWIIICH SECTO(I-(16) NODE IS LOCATED IN1
ZsATAN2cDX.DYs*? .296
IFIZ .T. *.)ZxZ+360.
ZDZ.I11.25
IF(Z .GE. 360.)ZaZ-360.
IfODECi)IFIX(Z22.5)+I

C DETERMINE bRtICK RINGuI-5) NODE iS LOCATED IN
9O 20 KZI.JERlNGS
IFIIAD .CT. RING(1C)GOTO 20
XOD7.0N(N)uIC
COTO 2 1

Figure C-1. Subroutine NODSET.
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20 CONT INUE
TYPE iooo.N

£000 FORMIAT( ' NODE NUMBER *.13.' IS OUT OF RANGE*)
NERHIOR=I

21 CONTI NUE
C DETERMINE WHICH NODES ARE TO BE EVACUATED
C CONS IDE.R ONLY A-TYPE NODES

IF(PODID(N) .NE. 'A ')COTO 32
DO n0 J:I.WZONEf9
NS=NSEC(J)
IF(RAD .GT. ZONE(J))GOT' 30
DO 31 I=I.MS
IF(NODSEC(N) .NE. JSECS(J.I))COTO n1
NOD%?AC 74):
COTO 32

31 CONTINUE
30 CONTINUE
32 CONTINUE
C SET UP SQUARE GRID INDtICES

DX:XNODE (N) -XCDXN
DYSY NODE (N) -YC0PN
NCX(N)=IFIX(DX[,ELX)+I
NCY4N)=IFIX(DY/DEL.Y)+I
hRITE l3.2000)N.NODID(N' .WODSEC(N .NODZON(N) .NODVAC(N).

a NGX(N).NGY(N)
2000 FORMAT(16.A£.516)
t0 CONTINUE

RETURN
END

Figure C-10. (Continued.)

SUBROUTINE PLTEND
CALL JESCDA('GRID')
CALL JXCLFR
CALL JESCXX( 'GRID')
RETURN
END

Figure C-11. Subroutine PLTEND.

SUBROUTINME PLISET( INUC .TIIEXT)
C SUMROUTI NE TO SELECT AND PLOT CURVES
C
C

INCLUDE 'SYS10LIBRARY: COLORDEF'
IMCL.UDE *'DSKD -BOXES. .COM'
INCLUDE 'DSQKD:DOISECOI'
Include 'dskd:aelevu-com'
Include 'dwkd:text.com'
dimension aclev$4.3) !So
DIMENSION LTITLE(20)

tread (8,2) acley !read contour levels 80
C

C

10 T'YPE 1001
1901 FORM1AT(// ENTERt NUCLIDE TO BE PLOTTED.'/

2/" ENTER s*rn FOR 1-431. OR'
t-%/ ENTER '20 FOR XE-133, OR'
4/0 ENTER 030 FOR CS-137. OR'
5/* ENTER 00 FOR NO PLOT AT THIS TIME STEP.')

Figure C-12. Subroutine PLTSET.
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ACCEPT S* . Nuc
IF(IN1JC.EQ.0S RETRN
IF(IJ4UC.EQ.1.OR.INUIC.EQ.2OR.IICCEQ.3) GO TO 15
CALL ERROR
GO TO 10

C
C LOAD THE APPROPRIATE VALUES FOR TIS PLOT INTO ARRAY U.

t5 DO 20 JvI.40
DO 20 1=1.40

20 U(I.J)=DOSE(I.J.Ir4UC)
do 16 i=t.ilevg !69
sclevs'(1) = mclev(I.Inuc) S

16 continue!S
C
C SET UP THE TEXT
C

CALL JSCRXX(GREENt)
CALL GSCP2D(6..I4.)
IF(INUC.EQ.I) CALL GPTX2DVI1-131 INHALATIONS*)
IFIINlJC.EQ.2) CALL GPTX2(XE-in3 DIRECT$')
IF(INUC.EQ.3) CALL GPTX2D('CS-I37 1NKAL-TON*)
CALL CSCP2D(6..13.)
CALL. CPTX2D('DOSE ISOPLETHSS')
CALL CSCP2D(6..12.)
FErCODE12.150.LTITLE) TNEXT

150 FORftAT('AT'.F5.2.' HRSS*)
CALL CPTX2D( LTITL.)
CALL JSCRXX0( AGENTA)
CALL CSCP2D)(10..t1.)
ENCOD. 9.200. LT!'rLE) ACLEVS( 1)
CALL GPTX2D( LTITLE)
CALL JSCRXX (LTjLtGEfTA)
CALL CSCP2D(iO..I0.)
ENCODE(9.200.LTITLE) ACLEVS(2)
CALL GPTX2D(LTITLE)
CALL JSCRXX(CMED.MAGE4TA)
CALL (.SCP2D (10. 9.)
ENCODE(9.200.LTITLE) ACLEVS(3)
CALL GPTX2D( LTITLE)
CALL JSCRXX( U11ITE)
CALL CSCP2I10. .8.)
ENCODE(9.200.LTITLE) ACLEVS(4)
CALL CPTX2D( LTITLE)

2"FORIIAT(IPEB.2. .6')
RETURN
EN~D

Figure C-12. (Continued.)

SUDRflUTINE SITE(ISITRD.TIME)
C SUBROUTINE TO PLOT OUT SITE SPECIFICS
C
C

INICLUDE * SYS OLI DRARYtCOLORDEF'
INCLUDE *D61D:PARAII.COM*
INCLUDE *DSKD:NODE.COMI
INCLUDE *DSKD:LINK.COIV
Include 'dskd:tezt.com'
DIMENSION X(SITE(6.40).YSITE(6,46),IISITE(6).,ltle(23)
DIMIENSION XLT(46).YPLT(46).xzz(2).yyy(2)
equIvalence (zzx~t).x1).(yyy(l).yl).fxxx(2).z2),(yyy(2).y2)
DATA 14SITE/13,41,19.3,3.15/
[ROAD a YELLOW
JLAKExCYAN
I COXTYmuWH ITE;
ISITEsORANCEt ICRI D&CREEN

Figure C-13. Subroutine SITE.

63

L .-



C I Nz 10. 0
COUTH: 55.0
OPEN(UtNTlB.fileN'DSK:SITE.1WP .,tattsu'old')
IFt ISITRD.NE.0) GO TO 30

C AEAD SITE DATA
o CALL COPIIRS

call 6ndimmd(o)
C cal 11 alld ?COLOR MONITOR

CALL LVIIII) IHARDCOPY
call a;:tlb(*) mno label* on contours
DO 10 11,6
DO 10 J-I,14SITE(1)

10 RFAI~ta.1000) K.XSITE(I.J).YSITE(I.J)
CLOSE(UNITZ 18)

C PLOT, THE SITE DATA
CALL JSCRXX( IGRID)

30 CALL iNITIA
call gsarll(200) !circle segment count
call gpvr2d(0.0.0.0.CINR.0.0.6.283)
call igpar2d(0.0.0.0.COUTR..0..6.2&1)
CALL JSCHXX(IS1TE)
call gsarli(20) !circle segment costnt
call gpar2d(O.G.0.0.0.3.0.0.6.283)
DO 40 1=1.6
IF(i.EQ.2) CALL jSCRXX(ILACE)
IF(I.CT.2) CALL JSCHXX(ICOWTY)
DO 50 Ja.j:.SITE(I)
XPLT(J)=XSITE(I .J)

50 YPLT(JbZYSITE(U.J)
call gpcv2d(xplIt.yp t .nsite( i))

40 continue
C PLOT OUT ROAD NETUORK

DO 100 L~1.rtLlNKS
lNN=LN INt L)
NOUTxLIIOUT(L)
XI:XNI)E(WlIV)
YI=uYNODE(CNIN I
X2=XN('D(NO1TT)
Y2=YN0'IpE (JiOUT)

c CALL RL'.EC(XI.YI,X2.Y2.Q000)
CALL JSCRXX( IROAD)
CALL OSABiLI (B)
CALL CPAII2D(XI,YI.0.12.0.0.6.233)

I rtn = jppl2a(xxx~yyy .2CALL GPAR2D(X2.%2.0.12.0.0.6.28G)
too CONTINUE

1000 FORMAT42FtO.4)
lf(1Itrd.Xt.0) GO TO 90
call jacrixtigrid)
call gscp2d(-14-.14.)
encode(24.200.l tttle) tnotlc

200 format(WARNING TIME r'.175.2.1 KRfS9':
call gptx2d(Ititle)
call gscp2d(-t4..13.)
encode(21,201.ltitle) tdelay

201 forvmat('PREP TIME o',F5.2.' HRSS*)
call gptx2d ItS tie)
call gscp2d(-t4.,t2.)
*ncodv(21 .202.IttIe) (ifiz(tpopn))

202 formmt(TOTAL POP. *'17.' V)
cell gptz2d(Itltle)
RETURN

90 CALL JSCOXX(GREEN)
CALL GS-CP2D(-14.9'14.)
CALL CPTX2Dt TIME SINCE RELEASEf')
CALL GSCP2D(-14..13.)
ENCODE( t5,300. LTIThF.) TIKE

300 FORMAT4X.% '.F4.2.* HESS')
CALL CPTX2D LTITLE)

calgcp2d(-14..12.)
cncod6*7t.301 It itle) (Iflz(zzin))

Figure C-13. (Continued.)
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301 formatPOP. lIN ,6S
eel) Vptx2d(ItItIel
cell gscp2#l(-l4..ll.)

32encode( 17.302. It Itie) (1flx~zzout)
02 format(FOP. OUT w=16 3S)

caill gptx2d(ItIe)
call Cwcp2d(-14..lO.)
frc l0O:IOO.*frc
enccode( 14.303. Ititle) fretOO

303 format(tS.I. EVACD 9')
call gptz2d(IltIte)
RETURI
END

Figure C-13. (Continued.)

C ACLEVS.CON
COMION 'ACLEVS ACLEVS(4).ILEVS

Figure C-14. Common file ACLEVS.COM.

C DOXES.COM1
COMMlONI DOXES.' XCRtID(40),YGRID(49) ,XORIC.YORIC.XDELT

I .YDELTU(40.40)

Figure C-15. Common file BOXES.COM.

C DOSECO
COPMONDOS~'DOSE(4*,4@ .3)

Figure C-16. Common file DOSECOM.

C LIIIK.COM1
C COMMION FOR LINK DATA

COMMONUIi/NLINKS.LNIN(N2).LNOUT(12).DIST(12.H),IPX(N2.Ml).
* IPY(12,NI),NSLD(N2).LNUjL(N2),len(n2)

Figure C-17. Common file LINK.COM.

C IODE.COM
C CO9M0N FOR NODE DATA

COffNNODI/NNODES4ERO,YZEROXWtODE(N ) ,YlIODE(l) .IIODSEC(lI),
* RINC(N5),NODZOJ(N1)*JqODD(Pj)*qSEC(N3).ZONE(N3),
* KMSECS(113,N4).NOD)VAC(NI).NRINCS.IZONESYIERROR.
* IINCRIDX.NCRIDY,XCORN,YCORtN.DELX.DELYNGX(N)ZGY(hI),
* CRIDX(N6).GRIDY(N6).rlnpoptn5)

Figure C-18. Common file NODECOM.
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FARANEUNMI1Rm~l~21~m~3u5Ru4,~2.~5

Figure C-19. Parameter.

C N'/OADM(2.12) .X(Nl 93)

Figure C-20. Common file ROAD.COM.

* tozt.eou
*corn for text for d1splays

* also oonalaw dosom
conm. /tztl/ zzInzzout~frc~taotIc,tdelay.'tpopu,tdoa1.
* tdoo2.tdo=S

Figure C-21. Common file TEXT.COM.



Appendix D:
Input Files of Sample Case

o. SO. 3. .3 3. .3 .08 .008 .003 .0008 .0003 .008
300. so. 3. .3 ,0. 1. .1 .01 .01 .001 .0001 .00001
809. s. 8. .3 10. 1. .1 .61 .01 .0o1 .0601 .00001
300. s. 3. .3 to. 1. .1 .01 .01 .001 .0001 .00001
so. 30. 8. .3 10. 1. .1 .0t .03 .003 .0003 .00003
30,. 3O. 3. .8 30. 8. .3 .03 .03 .s0 .0003 .00003
300. 30. 3. .8 30. 3. .8 .08 .08 .08 .0008 .00008
as.. so. 3. .8 30. 8. .3 .08 .08 .008 .0003 .00008
800. 80. 3. .3 30. 8. .8 .03 .03 .s0 .0003 .00003
as. 3,. 3. .3 30. 8. .8 .03 .08 .003 .0003 .00008
toO. to. 1. .1 30. 8. .3 .08 .08 .003 .0003 .00003
too. SO. 1. .1 30. 8. .8 .08 .03 .003 .0003 .00003
30. S. .3 .03 80. 3. .8 .03 .03 .008 .0003 .00003
so. 8. .3 .03 30. 3. .3 .08 .03 .003 .0003 .00003
to. 1- .1 .01 30. 3. .3 .03 .03 .003 .0003 .00003
to. 1. .1 .O 30. 3. .8 .03 .03 .003 .0003 .00003
8. .3 .03 .003 30. 8. .3 .03 .03 .003 .0003 .00003
.8 .08 .008 .0008 30. 3. .3 .03 .03 .003 .0003 .00003

Figure D-1. Common input file ACLEVS.DAT- contour levels to be plotted each time step.

ILACHO SECO TEST CASE 3--BUCKLEY--01MACHS82
2 .004 .05 .25 .85 1
100 103 123 80

1B -2.16 -0.57
2 -2.13 -1.68
3A -2.82 -1.71
4A -2.83 -2.75
53B -2.84 -8.86
6A -2.85 -5.99
7B -2.73 -6.88
SA -2.70 -8.12
95 -2.70 -9.24
IOZ -2.66-10.28
11B -2.67 -0.84
12A -2.66 1.15
13A -2.69 3.57
145 -3.23 5.17
15B -4.46 6.06
163 -5.95 -8.89
ITA -5.96 -4.99
185 -5.99 -6.04
195 -5.97 -6.56
20B -5.99 -8.15
21Z -5.97 -9.32
225 -5.95 -2.87
23B -5.96 -1.78
24B -5.86 -0.11
25A -5.86 2.60
265 -5.92 4.70
27B -7.05 4.79
28A -0.49 -9.23
295 0.89 -9.28
803 1.96 -9.74
813 -8.1 -9.26
823 -4.89 -9.27
38A -0.51 -8.13
843 1.91 -8.10
853 -8.79 -8.14
863 -4.88 -8.18

Figure D-2. Common input file EVACDB.INP -road network information.
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37Z -9.04 -8.16
38Z -9.87 -6.72
39B -7.66 -6.08
40B -9.24 -6.10
41Z-10.16 -6.11
42A -7.64 -4.99
43A -3.93 -0.07
44A -7.63 -0.15
45B -7.59 -0.65
46B-10.15 -0.61
47B-10.14 -1.47
48A 1.10 -3.76
49A -0.02 -3.78
50A -1.56 -3.82
51A -7.42 -3.91
528 -9.25 -3.96
53Z-11.00 -3.97
54A 2.95 -2.88
55A 0.56 -0.31
56B -6.93 -1.42
57Z-t1.84 -1.46
58A -5.14 6.05
59B -3.93 7.36
60A -3.47 8.52
61B -2.93 9.73
62B -5.73 5.72
63B -6.30 5.35
6 4 .3900+02 I.eooeE+03 1.000E+09
47 1.00o0+04 1.0000E+03 1.OOOE+o0
58 6.3900E+02 1.0000E+03 1.0000E+00
60 2.2000E+02 1.0080+E03 1.000E+00
t 1.10 145.0 2000. 1.0 1.0 1.0 -1.0 1 2 0. 0.
2 0.70 1 45.0 2000. 1.0 1.0 1.0 -1.0 2 3 0. 0.
3 1.001 45.0 2000. 1.0 1.0 1.0 -1.0 3 4 0. 0.
4 1.101 45.0 50. 1.0 1.0 1.0 -1.0 4 5 0. 0.
5 2.10 1 45.0 2000. 1.0 1.0 1.0 -1.0 5 6 0. 0.
6 0.90 45.0 2000. 1.0 1.0 1.0 -1.0 6 7 0. 0.
7 1.201 4.0 50. 1.0 1.0 1.0 -1.0 7 8 0. 0.
8 1.101 45.0 2000. 1.0 1.0 1.0 -1.0 8 9 0. 0.
9 1.001 45.0 2000. 1.0 1.0 1.0 -1.0 9 10 0. 0.

10 0.60 1 45.0 2000. 1.0 1.0 1.0 -1.0 1 11 0. 0.
It 1.50 1 45.0 2000. 1.0 1.0 1.0 -1.0 11 12 0. 0.
12 2.30 1 45.0 2000. 1.0 1.0 1.0 -1.0 12 13 0. 0.
13 1.70 1 45.0 2000. 1.0 1.0 1.0 -1.0 13 14 0. 0.
14 1.50 1 45.0 2000. 1.0 1.0 1.0 -1.0 14 15 0. 0.
15 1.10 1 45.0 2000. 1.0 1.0 1.0 -1.0 16 17 0. 0.
16 1.001 45.0 2000. 1.0 1.0 1.0 -1.0 17 18 0. 0.
17 0.501 45.0 2000. 1.0 1.0 1.0 -1.0 18 19 0. 0.
1 1.60 1 45.0 2000. 1.0 1.0 1.0 -1.0 19 20 0. 0.
t9 1.20 1 45.0 2000. 1.0 1.0 t.0 -1.0 20 21 0. 0.
20 1.00 1 45.0 2000. 1.0 1.0 1.0 -1.0 16 22 0. 0.
21 1.101 45.0 2000. 1.0 1.0 1.0 -1.0 22 23 0. 0.
22 1.60 1 45.0 2000. 1.0 1.0 1.0 -1.0 24 23 0. 0.
23 2.70 1 45.0 2000. 1.0 1.0 1.0 -1.0 24 25 0. 0.
24 2.10 1 45.0 2000. 1.0 1.0 1.0 -1.0 25 26 0. 0.
25 1.101 45.0 2000. 1.0 1.0 1.0 -1.0 26 27 0. 0.
26 1.101 45.0 2000. 1.0 1.0 1.0 -1.0 23 22 0. 0.
27 1.40 1 45.0 2000. 1.0 1.0 1.0 -1.0 28 29 0. 0.
28 1.20 1 45.0 2000. 1.0 1.0 1.0 -1.0 29 30 0. 0.
29 2.20 1 45.0 2000. 1.0 1.0 1.0 -1.0 28 9 0. 0.
30 I.101 45.0 2000. 1.0 t.0 1.0 -1.0 9 31 0. 0.
31 1.101 45.0 2000. 1.0 2.0 1.0 -1.0 31 32 0. 0.
32 1.10 1 45.0 2000. 1.0 1.0 1.0 -1.0 32 21 0. 0.
33 2.30 1 45.0 2000. 1.0 1.0 1.0 -1.0 33 34 0. 0.
34 2.20 1 45.0 2000. 1.0 1.0 1.0 -1.0 33 8 0. 0.
35 1.10 1 45.0 2000. 1.0 1.0 1.0 -1.0 8 35 0. 0.
36 1.101 45.0 2000. 1.0 1.0 1.0 -1.0 35 36 0. 0.
37 1.10 1 45.0 2000. 1.0 1.0 1.0 -1.0 36 20 0. 0.
38 2.90 1 45.0 2000. 2.0 1.0 1.0 -1.0 20 37 0. 0.
39 3.80 1 45.0 2000. 1.0 1.0 1.0 -1.0 19 38 0. 0.
40 3.00 1 45.0 2000. 1.0 1.0 1.0 -1.0 6 18 0. 0.
41 1.70 1 45.0 2000. 1.0 1.0 2.0 -1.0 18 39 0. 0.
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42 1.60 45.0 2000. 1.0 1.0 1.0 -1.0 39 40 0. 0.
43 0.90 1 45.0 2000. 1.0 1.0 1.0 -1.0 40 41 0. 0.
44 1.70 1 45.0 2000. 1.0 1.0 1.0 -1.0 39 18 0. 0.
45 1.60 1 45.0 2000. 1.0 1.0 1.0 -1.0 17 42 0. 0.
46 1.10 1 45.0 2000. 1.0 1.0 1.0 -1.0 42 39 0. 0.
4? 1.90 1 45.0 2000. 1.0 1.0 1.0 -1.0 43 24 0. 0.
48 1.70 1 45.0 2000. 1.0 1.0 1.0 -1.0 24 44 0. 0.
49 0.60 1 45.0 2000. 1.0 1.0 1.0 -1.0 44 45 0. 0.
50 2.30 1 45.0 2000. 1.0 1.0 1.0 -1.0 45 46 0. 0.
51 0.80 1 45.0 2000. 1.0 1.0 1.0 -1.0 46 47 0. 0.
52 1.10 1 45.0 2000. 1.0 1.0 1.0 -1.0 48 49 0. 0.
53 1.60 1 43.0 2000. 1.0 1.0 1.0 -1.0 49 50 0. 0.
54 1.20 1 45.0 2000. 1.0 1.0 1.0 -1.0 50 5 0. 0.
35 3.00 1 45.0 50. 1.0 1.0 1.0 -1.0 5 16 0. 0.
56 1.40 1 43.0 2000. 1.0 1.0 1.0 -1.0 16 51 0. 0.
37 1.80 1 43.0 2000. 1.0 1.0 1.0 -1.0 51 52 0. 0.
58 1.70 1 45.0 2000. 1.0 1.0 1.0 -1.0 52 53 0. 0.
59 2.10 1 45.0 2000. 1.0 1.0 1.0 -1.0 52 40 0. 0.
60 3.30 1 35.0 2000. 1.0 1.0 1.0 -1.0 54 53 0. 0.
61 2.20 1 35.0 2000. 1.0 1.0 1.0 -1.0 55 1 0. 0.
62 1.30 1 45.0 2000. 1.0 1.0 1.0 -1.0 23 56 0. 0.
"A -8.62 3.63
65B -9.83 2.63
66Z-12.43 -0.13
67A -5.01 4.77
68B -4.83 5.18
69B -7.54 5.42
?O -8.61 4.91
71Z-10.39 6.36
72A 0.22 9.01
733 -2.07 9.17
74Z -4.27 11.19
73B 2.47 7.49
76B 3.82 6.33
77A 4.89 5.41
783 7.84 4.06
79B 8.85 2.86
80B -0.96 0.52
SIB 0.44 0.33
82B 2.03 1.16
BSA 3.96 3.15
84A 7.59 3.32
853 11.38 1.69
86Z 12.03 0.77
67B -3.10 -0.84
88B 4.30 8.30
89Z 4.45 10.22
90A 9.13 -0.89
91B 10.10 -0.13
928 10.49 1.03
93A 9.14 -2.03
943 9.75 -2.41
95B 11.73 -1.55
96B 6.93 -4.47
973 4.57 -6.77
98B 2.99 -9.80
99A 1.92 -7.29
IOOZ 1.66-10.31
1018 -0.47-10.25
1023 0.92 -9.19
1038 0.94-10.30

54 1.1000E+901 5.0000E+02 1.00f0Eg00
55 ! .OOOE+04 1. O000E+03 1. 0009E00
48 2.2000E+01 5.0090E02 1.0000E+00
49 I.6000E001 5.0000E 02 1.0000E+00
50 I.0000E+04 5.0000E+02 1.O000E+00
4 1.0000E+04 1.OOOOE+03 1.0000E+00
3 1. 4200E+02 1 .0000E+08 1.0000E+00
43 1.5200E+02 1.0098E03 1.0000ooi
12 6.5009E+01 1.0000E+03 1.0000E+00
13 9.0000E+01 1.0000E+03 1.0000E 00
72 1.2000E+01 1.0009E+03 1.0000E+00
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77 8.0000E+00 1.0000E+03 1.OOOOE+00
83 8.0000E+00 I.0OO0E+03 1.0000E.00
84 5.0000E+01 1.00o0E+03 1.0000E+00
90 5.OOOE+02 1.0000E+03 l.OOOE+00
93 3.0009E+01 i.OOOE+03 1.OOOOE+00
99 7.5000E+01 t.OOOOE+03 1.OOOOE+00
28 2.9000E+02 1.OOOOE+03 1.0000E+00
33 1.OOOOE+02 1.0000E+03 1.0000E+00
8 4.0900E+02 1.O000E+03 1.oooE+00
6 3.OOOOE+02 1.0O0E+03 1.OOOOE+00

17 1.0000E+04 1.0000E+63 1.OOOOE+00
42 3.4500E+02 1.0000E+03 1.00@0 E00
51 3.4500E+02 1.0000E 03 1.O00E+00
44 2.3600E+02 1.0000E+03 1.0000E+00
25 6.OOOE+02 1.0000E+03 1.0000E+00

6 8.10 1 45.0 200. 1.0 1.0 1.0-1.0 56 47 0. 0.
64 1.70 1 45.0 20"0. 1.0 1.0 1.0 -1.0 47 57 0. 9.
65 1.70 1 45.0 2000. 1.0 1.0 1.0 -1.0 58 59 0. 0.
66 1.20 1 45.0 2000. 1.0 1.0 1.0 -1.0 59 60 0. 0.
67 1.30 1 45.0 2000. 1.0 1.0 1.0 -1.0 60 61 0. 0.
68 0.70 1 45.0 2000. 1.0 1.0 1.0 -1.0 58 62 0. 0.
69 0.70 1 45.0 2000. 1.0 1.0 1.0 -1.0 62 63 0. 0.
70 0.90 1 45.0 2000. 1.0 1.0 1.0 -1.0 63 27 0. 0.
71 1.90 1 45.0 2000. 1.0 1.0 1.0 -1.0 27 64 0. 0.
72 1.60 1 45.0 2000. 1.0 1.0 1.0 -1.0 64 65 0. 0.
73 3.60 1 45.0 2000. 1.0 1.0 1.0 -1.0 65 66 0. 0.
74 0.40 1 45.0 2000. 1.0 1.0 1.0 -1.0 67 68 0. 0.
75 1.00 1 45.0 200. 1.0 1.0 1.0 -1.0 68 15 0. 0.
76 1.40 1 45.0 2000. 1.0 1.0 1.0 -1.0 15 59 0. 0.
77 1.00 1 45.0 2000. L.0 1.0 1.0 -1.0 68 62 0. 0.
78 1.30 1 45.0 2000. .0 1.0 i.0 -1.0 63 69 0. 0.
79 1.20 1 45.0 200. 1.0 1.0 1.0 -1.0 69 70 0. 0.
80 2.20 1 45.0 2000. 1.0 1.0 1.0 -1.0 70 71 0. 0.
81 1.20 1 45.0 2000. 1.0 1.0 1.0 -1.0 64 70 0. 0.
82 3.90 1 45.0 2000. 1.0 1.0 1.0 -1.0 25 65 0. 0.
83 2.20 1 55.0 2000. 1.0 1.0 1.0 -1.0 72 73 0. 0.
84 1.00 1 55.0 2000. 1.0 1.0 1.0 -1.0 73 61 0. 0.
85 2.00 1 55.0 2000. t.0 1.0 1.0 -1.0 61 74 0. 0.
So 2.60 1 55.0 2000. 1.0 1.0 1.0 -1.0 72 75 0. 0.
87 1.70 1 55.0 2000. 1.0 1.0 1.0 -1.0 75 76 0. 0.
88 1.40 1 55.0 2000. 1.0 1.0 1.0 -1.0 77 76 0. 0.
89 3.30 1 55.0 20"0. 1.0 1.0 1.0 -1.0 77 78 0. 0.
90 1.50 1 55.0 2000. 1.0 1.0 1.0 -1.0 78 79 0. 0.
91 1.70 1 55.0 2000. 1.0 1.0 1.0 -1.0 1 80 0. 0.
92 1.40 1 55.0 2000. 1.0 1.0 1.0 -1.0 80 81 0. 0.
93 1.70 1 55.0 2000. 1.0 1.0 1.0 -1.0 81 82 0. 0.
94 2.70 1 55.0 2000. 1.0 1.0 1.0 -1.0 82 83 0. 0.
95 3.60 1 55.0 2000. 1.0 1.0 1.0 -1.0 83 84 0. 0.
96 1.30 1 55.0 2000. 1.0 1.0 1.0 -1.0 84 79 0. 0.
97 2.70 1 55.0 200. 1.0 1.0 1.0 -1.0 79 85 0. 0.
98 1.10 1 55.0 2000. 1.0 1.0 1.0 -1.0 85 8 0. 0.
99 0.90 1 45.0 2000. 1.0 1.0 1.0 -1.0 1 87 0. 0.

100 3.50 1 45.0 2000. 1.0 1.0 1.0 -1.0 87 22 0. 0.
101 1.80 1 45.0 2000. 1.0 1.0 1.0 -1.0 22 51 0. 0.
102 2.20 1 55.0 2000. 1.0 1.0 1.0 -1.0 76 88 0. 0.
103 1.70 1 55.0 2000. 1.0 1.0 1.0 -1.0 88 89 0. 0.
104 1.20 1 55.0 2000. 1.0 1.0 t.0 -1.0 90 91 0. 0.
105 1.30 1 55.0 2000. 1.0 1.0 1.0 -1.0 91 92 0. 0.
106 1.60 1 55.0 2000. 1.0 1.0 1.0 -1.0 92 86 0. 0.
107 1.20 1 55.0 2000. 1.0 1.0 1.0 -1.0 90 93 0. 0.
108 0.70 1 55.0 2000. 1.0 1.0 1.0 -1.0 93 94 0. 0.
109 2.10 1 55.0 2000. 1.0 1.0 1.0 -1.0 94 95 0. 0.
110 2.30 1 55.0 2000. 1.0 1.0 1.0 -1.0 95 86 0. 0.
I11 3.40 1 55.0 2000. 1.0 1.0 1.0 -1.0 94 96 0. 0.
112 3.20 1 55.0 2000. 1.0 1.0 1.0 -1.0 96 97 0. 0.
113 3.40 I 55.0 2000. 1.0 1.0 1.0 -1.0 97 98 0. 0.
114 1.00 1 55.0 2000. f.0 1.0 1.0 -1.0 98 30 0. 0.
tt5 0.80 1 45.0 2000. 1.0 1.0 1.0 -1.0 99 34 0. 0.
116 1.70 1 45.0 2000. 1.0 1.0 1.0 -1.0 34 30 0. 0.
117 0.70 1 43.0 2000. 1.0 1.0 1.0 -1.0 30 100 0. 0.
118 2.10 t 45.0 2000. 1.0 1.0 1.0 -1.0 101 10 0. 0.
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119 1.00 1 45.0 2000. 1.0 1.0 1.0 -1.0 28 101 0. 0.
120 1.10 1 45.0 MOO. 1.0 1.0 1.0 -1.0 35 31 0. 0.
121 1.16 1 45.0 2000. 1.0 1.0 1.0 -1.0 36 32 0. 0.
122 1.10 1 45.0 2009. 1.9 1.0 1.0 -1.0 102 10 0. 0.
123 9.70 1 43.0 2000. 1.0 1.0 1.0 -1.0 103 100 0. 0.

Figur D-L- (Continued.)

)iMAJHO SZCO CASK It--DW BUCKLUEYh--tRARC
0. .0 .25
O0 it 11
1. 2. 3. 4. 5. 6. T. S. 9. 1*. 1S.
to. t6
1 2 3 4 3 6 7 8 9 19 tt 12 13 14 15 16
40 40 -13. -13. .7i .75

Figure D-3. Common input file EVACDB.CAS- specific evacuation case information.

0. . 0. 0. 0.

Fiur -. ommo inpu fil O3.N - .40 X. 40 doe uo111eciese.

O. O 0. . 0. O. • 0. . 0. O.71



0. 0. 0. 30 -0. 0AZ9 4."90 1.9 -0 0.42+2 559 0. 6. 0.
0.~0 0. 6. 0. 0

0. 0.12" 0.42 1 6.I+9 0.a 4 0. 0a* .7U0 0.3t0 0. 0. 0. 0.
0. . 6 0. 0. 0. . 0 0. S. 0. 0.

0. 0. 0. 6. 0. 0. 0. 0. 6. 0 . 0

0.0. 0. 0. 0.
#.-0. 0."RO 0.3 *O 0.S +O 0.2 * 6.1 -0 0. 0. 6. 0. 0. 0.

6. 0.0. 0. 0.. 4.. 6 . 0. 0. 6

0. 6. 0. 0. 0. 0. 0. 0. 6. 0..6.9+.

0. 0. 0. 0. 0.
0. 6. 0. 0. 0. 0. 00. 0. 0. 0. 5.51.
0.*+9 0.89~ 0.1t* 0.5 *0 2. 03 .WZ0 S. .h43 .433 0. 0. 6.
o. 0. 6. 0. 0. 0. 0. 0. 6. 0 . 0.

2.3 +9 1.6. ~ 1.2R6 1.16 0 1 2+" S "S. 0.

0. 0. 0. . . 0. 0. 0. 0. 0. .3B0
22 0. 0-T** . 0. 413- 2.21233=**702413 .43900 4.323464 0.536 6. 6. 0.

0.89 o 0.~ * 0.iz* 0.3 o 0. 6.9t f 16. - 0.TO- 0. 0. 0. 0.

0. 0. 0. 0. 6. 6. 0. 0. 0. 6. 0. 0.

6. Z l 4.6C9 9. Mt" 0.SEO 2.09* 0.O 0 0.42- 0.2Z0 0. 0. 0. 6.
0.0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0. 6.. 0.T -0 3.6R0

6.8ZO 3.333464 2.9fR443 7.413403 2.243446 3.96V402 9.72.%Z01 2.*.I3-2 *. C. 0. 0.
0. 0. 0. 0. 6. 0. 0 . . 0. 0.
0. 0. 6. 0. 0.

0. 0 . .0. 0. 0. 0. . 0. 0.794

0."ZO 0.6*0 0.8 * 70 94 5.04 6"00. 0. 0. 0. 0. 0.
. .0. 0. 0. 0. 0.

6.60343 1 2.0344 2.83Z+01 9.24019430 ,690 2.723*C0334 0 0. 0. 0. 0. .
0. 0 . 0 . 0 . 0 . 0 . 0
0. 0. . 0. .

0. 0. 0. 0. 0. e. 0. 0. 6. 6. 0. 6.5t9
16.24343 2.02444 1.24t+93 3.02343 4.4 0 3.134401 6.1+0 6. 0. 6. 0. 0.
0. 0. 0. 0. 0. 6. 0. 0.C . 0.

0. 0. 0. 0. e.
0. 0. 0. 0. . 0. 0. 0. 8.53400
3.679403 2.584+3 7.$7343 1.7941 1.273443 1.123-01 **3Ef 1-6. 0. 0. 0.9+ 0.7t

0. 0. 0. 0. 0. 0. . 0. 0. . 0.0 t9

0. 6. . 0. 0.
. 0. 0. 0. 0. 6. 0. 6. 0. 6. 0. 5.53 0

2.934 1.49403 7.333443 1.24401 0.536 3.474#0 0.OE0 6.*Z l 0. 6.. 6.
. 0. 6 6.0. 0. 0. 0. 0. . 0. 0.

6. 0. 0 0. 0

2.243 .444 .434 .73 .23440 5..33 .2499. 0. 9. a. I Z" 0. 0.

0. 0. 0. 0. 0. ..

0 0. 0. 0. 0.

0. 0. 0. 0.i0. re D-4 0Cnine.) 6 . 0 133

2.4343 .8343 .7343 .5340 . 99440 30640 17640 0 672 0

0. 0 0. . 0. 0. 0 0. . 0. 0.70

0.~~. A. 0 . 0



O.. 0. O.0.

0. . 0 o.V 0. . . 0 . . 0 .o..
0. 0. 0. O. O

0. 0. O. 0. 0.

q). O. O 0. O
1:2Z0 0. O.104 *871 .0 ::I&" ::." *4:749. . O

Fiur O . Commo inpu fil OE.N - .40 O. 40 doe u0o13Xec iese.

I q). O. O. 0.73

ohm ". . O O . O. 0 . . O



199-ft a-M-02 2:$W-05 0 0 0: 0
41 0. 0. 0. 0. 0.
0. 0.

M-0 1 0: 56F.09 5*19-" 2: 009+" ::199-01 *1 : 6119-0 1 03:229-04 0 4. 11 Z-06 449-02

0. 0. 41. 0. 0. 41. 0.
0. 0. 0.

239-01
4 SOE-01 1:73Z.09 02:819-00 *:969#00 ::98Z-9I *1:799-01 03:202-03 V",

0. 9. 01. 0. 0. 0. 0.
0. 0. 40. 0.

77t-0 I 11:31t+96 02:029-" 7:259-00 ::2TE-01 2*: 2419-01 ::74Z-02 *1:6*E-03 1: 109-92 0, Irt-91

0. 7.30t-oa 1.99Z-01
699-01 0 : 4619-01 9 : 98Z-41 29t-01 92Z-01 102-ft 9 30C-02 91: 70Z-02 2 sit-97 0

0: 0. 0. 0. 0. 0. 0. 0. %IZ-02 2.72E-Ot
63Z-01 27Z-91 44C-01 6 "E-01 XGZ-411 729-01 GIE-01 2 7OR-02 3 GTE-96

3.7%9-03 QATE-02 S."t-Ot
a OIR-#1 4 Sit-40I 37Z-01 4 "t-01 Gee-4" 249-01 SU-61 SSE-02 06F-43 Got-06

0. 0. 0. 0. 0. 0. 2.76E-02 8.05t-*2 I."E-01
32Z-91 3.37Z-91 2.099-01 2-31Z-01 3.642-01 2.1?9-01 1.321-01 7.199-03 1. -03

41.

2:459

-02 6 -02
L08,62 ::049-01 ::02Z-01 02:70OZ-9i *:102-401 01:11IR-01 70:?*Z-02 ::SOZ-*3 02:059-03 ?:"Z 43

0. 9. 0. 0. 0. 0. 9.T19-03 3.99V-02 3.74Z-02
::2W-OI 2.739-01 2.10Z-01 2.tat-Of 9.64Z-ft 6.409-ft 2.56E-02 3.TOZ-02 3.3tE-02 I-Ist-03 G. 41.

41. 41. 0. 0. 0. 0.

639-ft 2*:3U-W *:209-01 01:742-01 OOIE-02 ::a4c-oa ::*4r-02 *:109-412 7:41.1-.2 Z:2- V""

922-02 2 "Z-01 319-01 7 27E-" 9 "Z-911 6 6w-ft G99-02 2 3GE-03 9 GM-04 0

-ft !:999-01 ::719-02 449-02 LOR-02 ::999-02 2.67R-02 3.979-03 0. 3.94E-02 1. 799-M B. 95t-"
0. 0. 0. 0. 0. 41.

0. 0. 41. 1.7"-02
119-02 4 47t-" ast-" *69-01 etc-" 2@Z-*2 87Z-03 2:111 4GE-02 2 T*E-"

so: 0

9 479-03 9 Olt-" 629-" 39Z-02 529-*2 959-03 2 369-04 4 94E-03 4 43E-03

709-06 799-05 899-403 409-03 2*9-ft
61:

Figure D-5. (Continued.)

0.

0.

FigureD-6. Common input file CS137.LLNL-40 X 40dows due to 137C9 each time step.
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O. 0. .0. 0 . 0 . . O O . 0 .
O.~ ~ O.0 . O . 0. 9 . 0 . .

O. . O. O. O.0 . 0
0. . 0' 0. O . 0 . 0 . 0 . 0 . 0 . 0 .

0. 0. 0- O . O . O . O . O

O. 0. O. 0. 0. 0. 0. 0

0. . 0. . O 0. . . 1 . -0 .Z0 3 .. O. 0.
0, O , O . 0 . . 0 . 0. 0 . O,

O. O. 0 . 0: O'.

O. 0. 0. O . O . 0 . 0 . 0 . a . 0

0. . 0 , O ',
O. . 0 . 0. . . . O. . 0. 0 . 0 .

0. . O. O. 0 . O . . O : )
0. . O. 0 . 0.O,. . 0

O. 0. 0 . O.'

O0O. . 0* 0: 0:. O 0 . 0 . 0 . 0 ' O
0. . 0 . O .' . . O .. O
0. . 0*O. O

::090 2. O .4O.90 WE0 . -3 5 .C 8 S . 0 . O, 0 . O . O

O- 0. 0.'. O

0. O. 0. 36tO.

0. 9. 0. O. O
.T O . O . O SeO.a.O-O*O.$.O

:O F0 SO - o.2C9 o.090 2:4r-9 o. 7s .* o.t * o.G oI o. o.

1:7. 0 0.7C0 O.I-* 3O. Z4 1.3 -0 2.0R 4 4.9E0 O.7 0 1.3E0 O. 0. 0.

O." -0 2.9O. 06 0.
O. O. O. O O. . O. O. O O. . O

• . o. o, 0. • Fig re•Do . (C i nued,-4 .)E .6 ,-e4 o .

O. O O. . O. O. O 0. . O. O.75

O. e. .O. '



O. . O. O. 0. O. 6. 0. O. 0. 6. t 3 -.

4. .- 4.?7E0-4 4. -O44 2.121-4q 2.0Z-04 8.4aC-Ol 2.8$E-44 2.19Z-94 7.16Z-06 S.O06 0. 0.
. O. . 0. O. 0. .

0..0..0..0.O0.O0

0 . •• • . 0. • 0. 6. 0. •0.t 63F.-.
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Appendix E:
Discussion of Sample Case

Appendix E discusses the sample problem presented in this report. Figure E-1 illustrates the road
network surrounding the Rancho Seco site. The numbers represent the 103 nodes. Table E-1 lists all the
nodes where people enter the evacuation road network, the characteristics of each node including x- and

1.50 nling I me7 r

prep time - l- Ohrs
lotal pop. 10I30q 7

742

59 75

51 Is 7
69 62 1 7

.50 10 2 2661 11

64 13 39
65 2

2 25 8 2 9

U.4 2 4

z 4- 44 94

53 52. I 1 1 0 9

389 1 ' 9 937 3635 1 33 3



y-location, the population entering the node, and the node capacity for entering vehicles. The total popu-
lation involved is 10,304. Each node is identified as being an input, through, or output node. Input nodes
are nodes that the evacuating population enters, and output nodes are nodes to which the evacuating
population travels. The through nodes are those through which the evacuating population moves during
travel from an input to an output node.

Table E-2 illustrates the characteristics of each link, including length, free-flow speed, capacity, num-
ber of lanes, and beginning and ending nodes. Potential road blocks are also indicated. Links 7, 55, and 85
have low road capacities. Since capacity is the number of vehicles that can pass through a link per hour,
low capacities will cause roadblocks during heavy traffic periods. The low capacities of links 7, 55, and 85
during the evacuation result in queues that form on those links or on the feeder links leading to them.

The specific parameters for the sample problem are given in Table E-3. The problem was run using
0.01-h time steps and the results were reported every 0.25 h. The evacuation zone was up to 10 mi and
included all sixteen 22.5* sectors (1 to 16).

Table E-1. Node characteristics of the sample problem for the Rancho Seco Nuclear Power Plant.

LOCATION POPULATION
(MILES) ENTER ING NODE CAPACITY

NODE ID TYPE X Y NODE(PEOPLE) (VEHICLES/II11)

I B -2.16 -0.57 0. 0.
2 B -2.13 -2.68 0. 0.
3 A -2.82 -1.71 142. 1000.
4 A -2.03 -2.75 2000. 1000.
5 B -2.04 -3.86 0. 0.
6 A -2.05 -5.99 300. 2000.
7 B -2.73 -6.88 0. 0.
8 A -2.70 -0.12 409. 1000.
9 B -2.10 -9.24 0. 0.
to Z -2.66 -10.28 0. o.
1l B -2.67 -0.34 0. 0.
12 A -2.66 t.15 65. 100.
13 A -2.69 3.57 90. 1000.
14 B -3.23 5.17 0. 0.
is B -4.46 6.06 0. 0.
16 B -5.95 -3.89 0. 0.
17 A -5.96 -4.99 1000. 1000.
to B -5.99 -6.04 0. 0.
19 B -5.97 -6.56 0. 0.
20 B -5.99 -8.15 0. 0.
21 Z -5.97 -9.32 0. 0.
22 B -5.95 -2.87 0. 0.
.23 B -5.96 -2.78 0. 0.
24 B -5.06 -0.22 0., 0.
23 A -5.06 2.60 600. 1000.
26 B -5.92 4.70 0. 0.
27 B -7.05 4.79 0. 0.
28 A -0.49 -9.23 290. 1900.
29 B 0.89 -9.23 0. 0.
30 B t.93 -9.74 0. 0.
32 B -3.01 -9.26 0. o.
32 n -4.80 -9.27 0. 0.
a3 A -0.51 -0.13 00. 1000.
3.4 11 .91 -8.20 0. 0.
35 B -3.79 -8.14 0. 0.
o B -4.8a -8.23 0. 0.
37 Z -9.04 - .6 0. 0.
31 Z -9.07 -6.72 0. 0.
39, B -7.66 -6.08 0. 0.
40 B -9.24 -6.10 0. 0.
41 Z -10.16 -6.11 0. 0.
42 A -7.64 -4.99 345. 1000.
43 A -3.93 -0.07 152. 1000.
44 A -7.63 -0.15 236. 2000.
45 B -7.59 -0.63 0. 0.
46 B -20.25 -0.61 0. 0.
47 B -10.14 -1.47 0. 0.
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Table E-1. (Continued.)

LOCATION POPULATION
(PI LES) ENTER INC NODE CAPACITY

NODE ID TYPE X Y NODE(PEOPLE) (VEHICLESHIR)

40 A 1.10 -3.76 22. 500.
49 A -0.02 -3.70 16. 500.
30 A -1.56 -3.82 1000. 500.
51 A -7.42 -3.91 345. 1000.
52 B -9.23 -3.96 0. 0.
53 Z -1i.00 -3.97 0. 0.
54 A 2.95 -2.80 II. 500.
55 A 0.56 -0.51 1000. 1000.
36 B -6.93 -1.42 0. 0.
57 Z -11.84 -1.46 0. 0.
50 A -5.14 6.05 639. 1000.
59 B -3.93 7.36 0. 0.
60 A -3.47 8.52 220. 1000.
61 B -2.93 9.73 0. 0.
62 B -5.73- 5.72 0. 0.
63 B -6.30 5.35 0. 0.
64 A -8.62 3.63 639. 1000.
65 B -9.83 2.63 0. 0.
66 Z -12.43 -0.13 0. 0.
67 A -5.01 4.77 1000. 1000.
60 B -4.83 5.18 0. 0.
69 B -7.54 5.42 0. 0.
70 B -6.61 4.91 0. 0.
71 Z -10.39 6.36 0. 0.
72 A 0.22 9.01 12. 1000.
73 B -2.07 9.17 0. 0.
74 Z -4.27 11.19 0. 0.
75 B 2.47 7.49 0. 0.
76 B 3.62 6.33 0. 0.
77 A 4.89 5.41 8. 1000.
78 B 7.84 4.06 0. 0.
79 B 8.05 2.86 0. 0.
n0 B -0.96 0.52 0. 0.
81 B 0.44 0.53 0. 0.
8 B 2.03 1.16 0. 0.
8.1 A 3.96 3.15 a. 1000.
84 A 7.59 3.32 50. 1000.
85 B 11.38 1.69 0. 0.
06 Z 12.03 0.77 0. 0.
87 B -3.10 -0.84 0. 0.
86 B 4.30 8.50 0. 0.
09 Z 4.45 10.22 0. 0.
90 A 9.13 -0.89 500. 1000.
91 B 10.10 -0.13 0. 0.
92 B 10.49 1.03 0. 0.
93 A 9.14 -2.03 30. 1000.
94 B 9.75 -2.41 0. 0.
95 B 11.73 -1.55 0. 0.
96 B 6.93 -4.47 0. 0.
97 B 4.57 -6.77 0. 0.
98 B 2.99 -9.80 0. 0.
99 A 1.92. -7.29 75. 1000.
100 Z 1.66 -10.31 0. 0.
101 B -0.47 -10.25 0. 0.
102 B 0.92 -9.19 0. 0.
103- B 0.94 -10.30 0. 0.

NODE TYPEs A a INPUT NODE RE.LEASE POINT IS AT XwO AND YwO
B a THRU NODE
Z a OUTPUT NODE
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Table E-Z Link characteristics of the sample problem for the Rancho Seco Nuclear Power Plant.

LENGCT FREE FLOW CAPACITY frANT END NUMBER OF
LINK ID (MILE) SPEED(MPII) (VEIICUS,,R) NODE NODE LANES

i 1.10 45. 2000. 1 2 1
2 0.70 45. 2000. 2 3 1
a 1.00 45. 2004. 3 4
4 1.10 45. 1000. 4 5 1
5 2.10 45. 2000. a 6 1
6 0.90 45. 2000. 6 1
7 1.20 45. 150. 7 a
a 1.10 45. 2000. a 9
9 1.00 45. 2000. 9 10

10 0.60 45. 2000. 1 11
it 1.50 45. 2000. 11 12
12 2.30 45. 2000. 12 13 1
in 1.70 45. 2000. 13 14 1
14 1.50 45. 2000. 14 15 I
15 1.10 45. 2000. 16 17 1
16 1.00 45. 2000. 17 18 1
17 0.50 45. 2000. to 19 1
I 1.60 45. 2000. 19 20 1
19 1.20 45. 2000. 20 21 1
20 1.00 45. 2000. 16 22
21 1.10 45. 2000. 22 23 1
22 1.60 45. 2000. 24 23 1
23 2.70 45. 2000. 24 25 1
24 2.10 45. 2000. 25 26 1
23 1.10 45. 2000. 26 27 1
26 1.10 45. 2000. 23 22 1
27 1.40 45. 2000. 20 29 1
20 1.20 45. 2000. 29 30 1
29 2.20 45. 2000. 20 9 1
30 1.10 43. 2000. 9 31 1
31 1.10 45. 2000. 31 32 1
31 1.10 45. 2000. 32 21 1
311 2.30 45. 2000. 33 34 1
34 2.20 45. 2000. 33 8 1
35 1.10 45. 2000. 8 35 1
36 1.10 45. 2000. 35 36 1
37 1.10 45. 2000. 36 20 1
30 2.90 43. 2000. 20 37 1
n9 3 80 45. 2000. 19 38 1
40 3.00 45. 2000. 6 to8
41 1.70 45. 2000. 18 39
42 1.60 45. 2000. 39 40
43 0.90 45. 2000. 40 41 1
44 1.70 45. 2000. 39 18 1
45 1.60 45. 2000. 17 42 1
46 1.10 45. 2000. 42 39 1
47 1.90 45. 2000. 43 24 1
40 1.70 45. 2000. 24 44 1
49 0.60 45. 2000. 44 45 1
50 2.50 45. 2000. 45 46 1
51 0.80 45. 2000. 46 47 1
32 1.10 45. 2000. 40 49 1
33 1.60 45. 2000. 49 50
34 1.20 45. 2000. s0 3 1
55 3.00 45. 150. 5 16 1
56 1.40 45. 2000. 16 51 I
37 1.80 45. 2000. 51 52 1
50 1.70 45. 2000. 52 53 1
59 2.10 45. 2000. 52 40 1
60 8.30 35. 2000. 54 55 1
61 2.20 35. 2000. 55 1 1
62 1.30 45. 2000. 23 56 1
63 8.10 45. 2000. 56 47 1
64 1.70 45. 2000. 47 57 1
65 1.70 45. 2000. 58 59 I
66 1.20 45. 2000. 59 60 I
67 1.30 45. 2000. 60 61
66 0.70 45. 2000. 58 62
69 0.70 45. 2000. 62 63 1
70 0.90 45. 2000. 63 27 1

so



Table E-2. (Continued.)

LENGTH FREE FLOW CAPACITY START END NUMBER OF
LINK ID (MILE) SPEED(MPH) (VEHI1CLI:/HR) NODE NODE LANES

71 1.90 45. 2000. 27 64
&2 1.60 45. 2000. 64 65
73 3.60 45. 2000. 65 66
74 0.40 45. 2000. 67 613
75 1.00 45. 2000. 68 15
76 1.40 45. 2000. 15 59 1
77 1.00 45. 2000. 68 62 1
78 1.30 45. 2000. 63 69 1
79 1.20 45. 2000. 69 70 1
80 2.20 45. 2000. 70 71
81 1.20 45. 200c. 64 70 1
82 3.90 45. 2000. 25 65 1
83 2.20 55. 2000. 72 73 1
84 1.00 55. 2000. 73 61
85 2.00 55. 200. 61 74 1
86 2.60 55. 2000. 72 75
87 1.70 55. 2000. 75 76 1
8s 1.40 55. 2000. 77 76 1
89 3.30 55. 2000. 77 78 1
90 1.50 55. 2000. 78 79 1
91 1.70 55. 2000. 1 80 1
92 1.40 55. 2000. 80 81 1
93 1.70 55. 2000. 8f 82 1
94 2.70 55. 2000. 82 83
95 3.60 55. 2000. 83 84 1
96 1.30 55. 2000. 84 79 1
97 2.70 55. 2000. 79 85 1
98 1.10 55. 2000. 85 86 1
99 0.90 45. 2000. 1 87 1
190 3.50 45. 2000. 87 22 1
10! 1.80 45. 2000. 22 51 1
102 2.20 55. 2000. 76 88 I
103 1.70 55. 2000. 8 89
104 1.20 55. 2000. 90 91 1
103 1.30 55. 2000. 91 92 1
106 1.60 55. 2000. 92 86 1
107 1.20 55. 2000. 90 93 1
too 0.70 55. 2000. 93 94 1
109 2.10 55. 2000. 94 95 1
110 2.30 55. 2000. 95 86
111 3.40 55. 2000. 94 96
112 3.20 55. 2000. 96 97
113 3.40 55. 2000. 97 98
114 1.00 55. 2000. 98 30
115 0.80 45. 2000. 99 34
116 1.70 45. 2000. 34 30
117 0.70 45. 2000. 30 100 1
218 2.10 45. 2000. 101 10 1
119 1.00 45. 2000. 28 101 1
120 1.10 45. 2000. 35 31 I
121 1.10 45. 2000. 36 32 1
122 1.10 45. 2000. 102 103
123 0.70 45. 2000. 103 100 I

81 1



Table E-3. Input parameters of the sample problem for the Rancho Seco Nuclear Power Plant.

INMT PARAMETERS

PEOPLE PER VEHICLE 2.0
VEIIICLE LENGTH(MI) 4.OOE-03
TIME INCRENENT(HR) 0.010
NUIBER OF TIME INCREMENTS : 1000
REIORTINC TINE(HR) - 0.250
NUMIER OF NODES 103
NUMBER OF LINKS = 123
CUTOFF FRACTION 0.9000

SPECIFIC PARAMETERS FOLLOW,

NOTIFICATION TINE(HR) 0.25
PREPARATION TIMIE(HIR) r 0.00
DISPERSION UPDATE(HR) 0.25

NUMBER OF EVACUATION ZONES = I

ZONE NUMBER I IS OUT TO 10.0 MILES
INCLUDING SECTORS:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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